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^H AT ttanflatforis of the works of 
■**" e"rff ittehl foreigfri Writers aTe of great 
utility to feigned and 1 the arts is* a truth 
which ha*" lon$ been known and* acltnow* 
led$fd v ahd ; ittdfeekf forapid is the progrefs 
of Hn'ptfoVe"inenf i^inotterri times 1 , that fuch 
tranflafrioris 1 a¥e~e*Ve'ry day becoming' more 
irtiportattt : an» ardent fpirit 1 of inquiry 
having pervaded 1 tftegreaHfer part of Eu* 
rope: atfdfelmdfl? e" Very nation inthis quar- 
tte¥ dPtlie globe', Ktfvih|g'giv^n birth'tb men 
of fuperior tWeriftfarid'iriduftry, Who are 
deeply engage* ir? exploring the opera*- 
tions of nature. 

Iti*eNrident,thal< every cooritrynlull be 
intitft- benefited*, Which 1 by meafris of eferly 
tratiflatibn*, po&efcs itfelf of the fruits of 
A 2 the 
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the labours of foreign nations. It colle&s 
as it were into a focus, -the fcattered lights 
which are ftruck out in different parts of 
the world, and thus reaps an immediate 
advantage from difcoveries which had a 
diftant origin. Although the Philofophers 
of our own country have been eminently 
diflinguiftied by that zeal for the advance- 
ment of fcience, which is one of the cha* 
rafteriftic features of the prefent age, yet 
it mult be acknowledged that in the appli- 
cation of fcientific chemiftry to the arts, we 
have been furpaffed by our neighbours on 
the continent. The principles of the art 
pf dyeing in particular, feem to have been 
negle&ed by us, or at leaft do not appear 
to have obtained that degree of attention 
io which they were entitled, from their 
importance both to the pianufatturer and 
the mm of fcience, 

. No fy Hematic treatife on this fubjeft has 
hitherto appeared in our language, except- 
{flg 3 tranflation of Uellot, with which 

the 
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the public are very little acquainted. It is 
true, we meet with fome very ingenious 
and fcientific remarks on dyeing, in Lewis's 
Commercium Philofophico Technicum ; 
but thefe are confined almoft folely to the 
black dye. We have likewife fome valu- 
able obfervations on this fubjeft, in the 
tranflation of Macquers Chemical Dic- 
tionary. Thefe works, together with a 
few books of receipts taken from Hellot* 
d'Apligny, Macquer, and Dufay, compre- 
hend almoft every thing I have yet feen 
in the englifh language on the art of dye- 
ing. 

The intelligent reader will perceive 
that in the prefent work, much light is 
thrown on the principles of the art of 
dyeing by the late improvements in che- 
miftry. From an attentive perufal it will 
appear, that by means of the properties of 
the different gafes, by an attention to the 
influence of light and to complicated che- 
mical combinations, the ingenious author 
A 3 has 
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has been enabled fuccefcfully to explain 
many important fafts, the caufes of which 
were formerly involved in obfcurity. Con- 
fidered in this point of view, it is con- 
ceived, that the work which I have under* 
taken to tranflate will be highly acceptable 
to the philofophical chemift ; but it is to 
the manufa&urer th^t this work is princi- 
pally addrefled. He will find in it me- 
thods of conducing his proceffes equally 
new and fimple. He \yill learn from it 
to afcertain with greater certainty the fuc- 
cefs of his operations ; it will fyrnifo him 
with an opportunity of comparing his cryra 
procefTes with thofe of other artifts, and of 
adopting the improvements derived from 
the labour and ingenuity of his predeceC- 
fors and cotemporaries. 

In this treatife particularly, he will find 
a certain mpde of determining the qua- 
lities of the materials he employs, which 
will enable him to proportion the quan- 
tities fo accurately to each other as to 

avoid 



TRANSLATORS PREFACE, vil 



avoid all wafte, and direft him to the 
value of any article of which he can pro- 
cure a fample. This improvement prin- 
cipally depends on the ufe of the acids, 
and more efpecially of thofe which have 
been termed oxygenated* 

With a view to facilitate the mode of 
obtaining the acids, I have ventured to 
add a defcription and drawing of an 
apparatus for the diftillation of thofe fub- 
fiances, which from experience I find 
more fimple and advantageous than any 
that I have yet feen. 

Refpeft for the author has induced me 
to retain the new french nomenclature, 
which is at prefent becoming kfhionablej 
although it might have been more accept-* 
able to many of my readers, if I had fub- 
ftituted the terms in common ufe, for thofe 
that have been employed by Mr. Ber- 
thollet. With a view, however, to pre- 
vent any miftakes that might arife from 

this 
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this fource, I have fubjoined a vocabu* 
lary, and have likewife added an index, 
without which no important work fhould 
appear. 

In a few inftances, I have endeavoured 
to illuflrate the obfervations of our au- 
thor by notes. Thefe are not fo copious 
or numerous as I could have wiftied, but 
I was folicitous to make my countrymen 
* acquainted with this valuable work as 
early as pofTible, and certain circum- 
ftances, with which it is unnecefiary to 
trouble the reader, have obliged me to 
finifh the tranflation within a limited 
time. 

I fhall only add that in tranflating a 
philofophical work, which confifts chiefly 
of a detail of important fafts and infer- 
ences, I have deemed it right to prefer 
perfpicuity to elegance* 
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A STRONG defire of attrafting attention 
is obfervable in man in his moft unculti- 
vated ftate. Amongft the means of gratifying 
this defire, the beauty of brilliant colours 
naturally prefents itfelf. Thus even favage 
nations paint their fkins, and adorn themfelves 
with feathers, ftones, and (hells of lively hue. 

The women of Gaul on their feftival days 
ufed to ftain themfelves of a brown olive 
colour with woad, and this nQ doubt exercifed 
the vanity of thofe of higher rank. 

The origin of the art of dyeing is certainly 
therefore of great aptiquity, and very poflibly 
nations, little civilized, where nature had fur- 
nifhed colouring materials of eafy application, 
might polfefs fpecies of tints which polifhed 
nations may have highly efteemed: thus the 
Gauls prepared fome colours which even the 
Romans did not defpife. The art however 
Vol. I. B mull 
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mttft have waited the progrefe of mdnftrjr 
luxury, to be much extended or improved. 

The Egyptians, according to Pliny % had 
difcovered a mode of dyeing, fomewhat re* 
fembling that which we ufe for colouring 
printed linens ; the ftuffs, probably after having 
been impregnated wkfe differed mordants b f 
were immerfed in vats, where they received 
various colours. It is to be prefumed however, 
that <he yiduftf y of a p&&fAe, whctafc facerdotal 
power, by exprefs laws, forbad 16 change cfveft 
their mbft indifferent euftoms, could ftoi be 
very afiive. 

When we wifh to eftiiftate tfcfc progreft of ' 
the fcuto&n mind in teraote tifctes, wfc turn oiit 
attention to Greece r feirf there we find a 
ftriking difference bfctwetrv the fine afts, and 
thofe ftfbfertiertt to out convenience or Itixuty % 
a dfifffcteriefc, the criufe of whiehfy ttfay be per- 
ceived. Public opinion placed thofe arts at 
an immenfe diftance from each other; for 
while glory was attached to the former, the 

• Hlft. Nat* lib. xxxv. chap* 2. 

k It does not appear that the Englifh artifts have any term 
appropriated to this clais of bodies eompoled Shieffy of 
earthy and metallic falts, employed in the preparation of fluffs, 
to fit them for the reception of molt dorabte colours, 1 hato 
therefoK thought k foeft to rotaia die original wbrd» T« 

latter 
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latter were confounded with difgraceful and 
fervile employments. 

The diftin&ion however was In paft well 
founded. The painter, the ftatuary, the archi- 
tect, ftaniped their genius on their produ&ions ; 
their art did not require long continued efforts 
for hi incrcafe, nor the accidents and ex- 
periments of ages for its flow improvement. 
Their invention w^s able at once to pafs the 
limits of time, and thofe matter pieces of art, 
which fo rapidly fucceeded each othe.r in 
Greece, have juftly become the admiration of 
pofterity. 

Yet this nation however fruitful 'in genius, 
or produ&ive of great men, fuffered itfelf to 
be led away by its inclinations, and beftowed 
its efteeni too partially. For while crowns and 
the moft fplendid lttfclours were decreed to 
thofe who excelled in wreftling, boxing, and 
running, the ufeful arts were degraded, even 
in the eyes of philofophers. 

This is one of the moft ftriking chkra&ers 
by which the philofophy of the ancients is 
diftinguifhed from that of the moderns. The 
ancients were chiefly engaged in fpeculations, 
which might procure them the refpeft of a 
people, who, while they difpenfed glory, 
thought the ufeful arts unworthy their attention. 

B 2 This 
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This contempt defcended to the Romans ; 
for Pliny fpeaking of dyeing, awowedly negleftx 
the defcription of operations which are uncon- 
nected with the liberal arts; nec tingendi 
rationem omi]JiJlimus % fi unquam ea liberalium 
artium fuiffet. 

Modern philofophers, above the vulgar, yet 
defpifcd by the great (whofe pride is fupported 
by pretenfions wholly foreign to human fcience) 
have given themfelves up to cold calculation, 
and to the humble defcription of what nature 
and art prefent to them. They have traced 
the connexion of the numberlefs wonders that 
have occurred to them, and have difcovered in 
the labours of induftry, as well as in commerce, 
the fource of national profperity, the feeds of 
extcnfive population, and the grand fupport of 
agriculture. But it was the academy of fciences 
of Paris which firft attempted to fhed the light 
of fcience upon all the arts, which formed the 
projeft of publifhing the defcription of them, 
•nd which in the midft of prohibitory regula- 
tion*, formed the elevated idea, that the 
iiuluflry of a nation cannot fail to be enlight- 
ened and increafed by a free communication of 
til the proceffes it ufes, and that the Sacrifices 
It make* by thia publicity, are amply compen- 
fatcd by the advantages it derives from it. 

This 
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This plan was extended to all the objeds of 
knowledge by the Encyclopaedia, the mod 
magnificent monument ever raifed to philofophy v 
and reafon. 

The art of dyeing among the Greeks could 
have had but little affiftance from fcience ; but • 
the a&ivity^of genius is communicative, and 
induftry multiplies its efforts when folicited by 
luxury. Let us fee then what progrefs luxury 
had made in Greece. Let us confult the 
philofophical pifture which has been lately 
drawn of its manners. 

A number of the citizens of Athens paffed 
their time in the different tribunals, for which 
they received three oboli, that is nine fous per 
day (about 4id. Eng.) The medium price of 
a feptier (twelve bufhels) of corn, which is 
the molt natural ftandard of comparifon, was 
thirteen livres (10s. lod. Eng.) ; that is a little 
more than half the medium price with us ; fo 
that a citizen of Athens with the daily pay he 
received for the difcharge of the moft import- 
ant duties of the republic, , might purchafe a 
meafure of corn, the price of which at prefent 
is fifteen fous (fid. Eng.) In order then to 
form an idea, not of the public magnificence, 
nor of that of fome individuals, but pf the 
eafe arttHuxury of the ordinary clafs of citizens, 
' B3 we 
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we muft confider, what they would be at Paris, 
if the falary of the public offices was fifteen 
fous per day. 

" Many of them (the Athenians) went bare- 
<c footed. The drefs of the people was made 
u of cloth which had received no dye, and 
" which might be waflied (reblanchir). The 
c< rich preferred coloured cloths c ; they efteem- 
c< ed fuch as were dyed fcarlet by means of 
" certain grains of a reddilh colour 5 but they 
€< valued ftill more highly thofe of a purple 
« dye/' 

Silk, which is fubje&ed to the greateft variety 
of the proeeffes in dyeing, comes originally 
from China. The annals of that nation inform 
us, that the wife of the emperor Ho&ng T% 
was the firft who fpun threads from the natural 
filk cocoons, fouhd on the trees. From this 
country, filk was carried iato Indoftan, tend 
thence to Perfia, Greece, and Rome, vAene 
however it was not known till a very confidar- 
able tkne after the firft employment of it 
Some have concluded from a line in Virgil'* 
Georgics d , that it was in ufe at Rome in the 
time of Auguftus* What Pimy iay& on the 

c Voyage At jeane Anaoharfis. 

* Vclleraquc ut foliis depeftant tcnuia Seres Geo*g. lib. ii. 

fubjeQ: 
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fobyeQ 4$ ^efs ^TibigUQijLs. Jn the jjeiga of the 
eB^peror Juftiniw, filk #ill tore fc high * 
^ri«e tf»t it fol^ for kp weight ,of gold % It 
w*# about -this tfrn?, that filk worms eggs were 
brought by certain monfcs, from Insist to Cont- 
A&ptiropl?, where * (method of hatching them, 
ami of Jpiwiftg from their .cocoons was difco- 
ver-ed f . Silk worms deem to have been £rft 
introduced into Italy about the time of the 

The a& 4yobg linen appears not to have 
keen k»wn Greece before Alexander's 
inya&QV Of India, who*, according to Pliny, 
tbey ^ye^ the fails of his veflel? of different 
xoilow^. The Greeks feem &o have borrowed 
this jait from tjpe Indians. 

India. wa3 the nurfery of the arts andfeiences, 
Whi<A were afterwards fpread and perfected 
amoog other jmisms- Accidents which ihad a 
MmUftcy to improve the art, could 4*ot faijl to 
be multiplied rapidly, in a country rich in 
nfttur^i^odttftions, which requires tittle labour 
for the tfupport of its inhabitants, and the 
population of which was favoured by the 
-bounty of nature, and the fimplicity of man- 

•* Vote**, Eflai for ks Motors, &c. 

f Procop. librir. cap. 17. de bdlo Gothico* 
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ners, till it was oppofcd by the tyranny of 
fucceeding conquerors. But religious preju- 
dices and the unalterable divifion in cafts, foon 
put fhackles upon induftry ; the arts became 
ftation fry ; and it would feem that the know- 
ledge of dyeing cotton in that country (fqr 
filk was then unknown, or at leaft very fcarce) 
wa£ as far advanced in the time of Alexander, 
as it is at prefent. 

The beautiful colours which we obferve in 
thofe Indian linens, to which we ufed to give 
the name df Perfes, becaufe they came to us 
from Perfia, would lead us to think that the 
art of dyeing had there attained a high degree 
of perfefiion ; but we find by the defcription 
which Beaulieu gave (at the requeft of Dufay) 
of fome operations performed under his own 
eye g , that the Indian proceffes are fo compli- 
cated, tedious, and imperfeS, that they would be 
impra&icable in any other country, on account 
of the difference of the price of labour. 

European induftry has far furpaffed them 
in corre&nefs of defign, variety of (hade, and 
facility of execution, and if we are inferior 
to them with refpeft to the livelinefs of two or 

t Traite fur les toiles peintes dans lequel on voit la maniere 
clont on les fabriquc aux Indes & en Europe. 

three 
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three colours, it is only to be attributed to the 
fuperior quality of fome of their dyes, or 
perhaps to the length and multiplicity of their 
operations* 

We may then conclude, that the art of 
dyeing was much more limited, and lefs perfeft, 
among the ancients than among the moderns ; 
but they were in poffeflion of one fpecies of 
dye, which has been either loft or negle&ed, 
which was an obje8: of the mod refined luxury ; 
that is, purple : its proceffes have more at- 
tracted the attention of philofophers, and been 
more carefully preferved in hiftorical records > 
than thofe of any other colour. 

I fliall pafs over the fables with which they 
have endeavoured to embellifli the origin of 
the purple dye 5 but it is probable, that it was 
difcovered at Tyre, and contributed much to 
the opulence of that celebrated city. 

The liquor ufed in dyeing purple was ob- 
tained from two kinds of (hell fifti, the larger 
of which was called the purple, the other was 
a fpecies of whelk : they were each fubdivided 
into many varieties, and were ftill further 
diftinguilhed, as they afforded a more or lefs 
beautiful colour, according to the coaft where 
they were taken, &c. 

The 
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The colouring liquor for purple is found in 
the throat of -the fi&, in each of which was 
contained only a fingte <brop $ they ufed t# 
bruife the whelks, which likewife coattiped a 
very fmall quantity of a red tiqupr with a black 
tinge (nigricantis rofae. Plm.) 

When they had obtained a Certain quantity 
of the colouring liquor, they mixed with it a 
proportion of common fait ; they macerated 
them together for three days, and then added 
five times the quantity of water $ this mixture 
they kept in a moderate degree of heat, and 
(eparated, from time to time, the spiijroal parts 
which rofe to the furface ; tbefe operations 
lafted ten days, after which tbey ascertained 
with a piece of white wool, whether the liquor 
had acquired the proper (hade. . * 

The ftuflF was prepared for receiving the dye 
in various ways; feme immerfed it in lime 
water, fome prepared it with a kind of fucus % 
which ferved* like fome of our mordants, to 
render the colour more fixed (folide). 

We do not know ptfecifely the marine plant 
to which the ancients gave the name fucus, 
but its ufe was fo extenfive in dyeing, that the 
word became a generic term, including all 
forts of colouring fubftance$. Mr. le Pileur 
d'Apligny conje&ures that it might be a kind 

of 
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of archil* which is found on die coaft of 
Caadia*? others again prepared their cloth* 
withalkaset. 

The liquor of the whelk alone did not afford 
a durable colour, bat it increased the brightnefs 
of that obtained from the other kind of lhett 
fifli. The Tyrian purple was prepared by two 
operations, a firft dye was communicated by 
the liquor of the pnrple, and a fecond by that 
of the whelk, hence it was called by Pliny 
purpura dihafka. In other proceffes they em- 
ployed a mixture of &e liquor of both the 
ihe-U fife; for inflame, for 50 lb. of wool, they 
ufed too lb. of the liquor of the whelk, and 
100 lb. of that of the purple fifli ; thus they 
obtained an amethyft colour .; fometimes they 
gare a iground wkh evecus, which is our fcermes, 
ami the* idy^d with the liquor of the purple fifh:; 
m fine, by different combinations of the above 
methods they<obtained a great variety of ipurples, 
which they diftasiguiihed by different names s 
the Tyrian purple, according to Pliny, was of 
the colour of coagulated blood ; the amethyft 
purple had that of the ftone, fo called ; another 
Jund more refemUed the colour of the violet; 
&c. &cA 

It 

b Eflai fur les moyens de perfeAioriner 1'art de la teinture. 
1 Tbofe who wilh for further information refpe&ing the 
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It appears that fome of the kinds of purple 
preferved their colour for a very long .time ; 
for Plutarch in his life of Alexander relates, 
that the Greeks found in the treafury of the 
king of Perfia a great quantity of purple, which 
had not loft its beauty though it was one 
hundred and ninety years old. 

The very fmall quantity of liquor obtained 
from each fhell fifh, and the tedious procefs of 
the dyeing, raifed the price of purple fo high, 
that in the time of Auguftus a pound of wool 
of the Tyrian purple dye, could not be pur* 
chafed for one thoufand denarii, about feven 
hundred livres of our money us. 
8d. Eng.) 

Priefts, who have always fought to derive 
advantages from whatever could make im- 
preflion on the multitude* attributed in former 
times a facred character to purple. It was a 
colour pleafing to the divinity, and was to be 
appropriated to his worfhip, and although the 
ufe of it has-been long difcontinued, the pride 

purple of the ancients, may confult the following modern 
works, Fabii Colomne Lyncoey purpura ; G. Gottlob 
Richter progr. de purpura antiquo & novo pigroento ; 
Reaumur mem. de Pacad. 1711 ; and above all a learned 
work of Mr. Bifchoff, entitled Verfuche einer gefchi&e der 
faberkunit, &c. 1780* 
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of the name is ftill preferved in our facerdotal 
hierarchy. 

The purple has been, almoft every where, 
a mark of diftin&ion attached to high birth 
and dignities. It was an ornament of the firft 
offices of Rome ; but luxury, which was 
carried to great excefs in that capital of the 
world, rendered the ufe of it common among 
the opulent, till the emperors referved to 
themfelves the right of wearing it : foon after- 
wards, it became the fymbol of their inaugu- 
ration. 

They appointed officers to fuperintend the 
manufactories, principally eftablifhed in Phe- 
nicia, where it was prepared folely for their 
ufe. The punilhment of death was decreed 
againft all who fhould have the audacity to 
wear it, though covered with another colour. 

The penalty fo tyrannically denounced 
againft this whimfical fpecies of treafon, doubt- 
lefs occafioned the lofs of the art of dyeing 
purple; firft in the Weft, but much later in 
the Eaft, where it flourilhed confiderably till 
the eleventh century. 

The ancients obtained from the coccus, now 
known by the name of kermes, an account of 
which is given (Seft. III. Part II.) a colour 
which was almoft as highly efteemed as the 
3 purple, 



purple, and which was fcmerimes mixed with 
it, as we have before remarked. Pliny informs 
ys> that it was employed in the preparation of 
the imperial robes. It was generally called 
fcatriet, but fometimes it was confounded with 
die putptev \ 

It appears/ >that it was not till the time of 
Alexander iand hii fujcceffors, that the Greeks 
attempted materially to improve the black, 
Wue, yelldwi and green dyes* 

Among the Romans it was ctrftomary from 
the earlieft times, for newly married women 
to wear a yellow veil* and this cotour was ap- 
propriated to matrons. 

. In the games of the circus there was a kind 
6f quddrill k , the divifions of which were 
diitinguifhed by the colours, green, color pra- 
Jinus, orange, rufatus> alh coloured, venetus x % 
tod the white* 

k This term denotes a tioop of cavalier* ppmpemfly dreffed 
and mounted for the performance of certain games, &c. It 
is borrowed from the Freilch quadrille, or fquadfille, and 
that probably from tHe Italian quadriglia. They were never 
compofed of lefs than four divifions, ttor of more thiti 
twelve, and each divifioa confiftcd of twelve cavaliers at 
moft, and at leaft of three, T* 

1 This, rendered in the original by U cendri, is alfo, and 
I believe more commonly, ufed to denote a light blue, or 
Iky Mae* T. 

We 
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tlfe &r€ *tiabl<*d t& judge of the qualities* of 
thfcfo Colours by thef fubftanc£» iifed in making 
them, I (hall enumerate after Mr. Bifcoff, 
who has minutely examined the fubje&, the 
ingredient* e»p4oyed at that time, in the art 
of dyeing, ift addition to the coccus and the 
purple Diet) fifh. 

1. Alum. It feems probable from what 
is obfetved in the firft part of this work 
(Seft. III.) that the ancients were unacquainted 
With our alum in its ftate of purity. 

a. Alkanfet. Suidas fays, that this fubftance 
was alio ufed by Women as a paint. 

3. The blood of birds, which was ufed 
among the Jews. 

4. The fucus. That <rf Crete waar prefer- 
red, Mid it 'Was generally eKiployed as a ground 
for Valuable colours. 

5. Broom. 

6. The Violet ,* from which the Gauls pre- 
pared a colour which refembled one kind of 
purple. 

7. Lotos meditago arborea. Snail trefoil 
(luterne eh arbre). The bark was ufed in 
d/eiiig fkinsi and the root in dyeing W60l. 

8. The bark of the walnut-tree, and the 
ptfel of the ftelh 

9* Madder* 
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9. Madder. We do not know whether 
the madder plant of the ancients was the fame 
as ours, or whether it was another root of the 
fame tribe. 

10. Woad. (glaftum). This plant was 
undoubtedly in ufe among the ancients, but 
we do not know whether their preparation of 
it was the fame as ours. 

Although the ancients might have employed 
fome fubftances, of which we have no account, 
we eafily perceive that our acquifitions, more 
efpecially fince the difcovery of , America, give 
us a decided fuperiority in many colours. 
With refpeft to the regret which has been 
often felt for the lofs of the art of dyeing 
the celebrated purple, it may be queftioned 
whether it is well founded, and whether we 
are not able to produce a purple equally beau- 
tiful ? • 

The fhell fifh which furnilhed the purple 
dye, probably exift now, in as great abundance 
as formerly. They have been fo accurately 
defcribed that they may be recognized ; and in 
faQ;, Thomas Gage informs us, that fhell fifh 
have been found near Nicoya, a fmall Spanifli 
town in South-America, which pofTefs all the 
properties defcribed by Pliny, and others of 
the ancients. Thefe fhell fifh it appears, are 

at 



At prefent ufed in dyeing cotton, on the. coafts 
of Guagaquil and Guatimala n . 

Cole, ia the year 1686, difcovered fome of 
them on the Englifh coaft, and Plumier found 
a lpecies of them at the Antilles. Reaumur 
has made many experiments on the whelks, 
Which he obtained from the coafts of Poitou, and 
Duhamel has minutely examined the colouring 
liquor of the purple {hell filh, which he found 
in great abundance on the eoaft of Provence. 
He obferved, that this liquor does not take a 
puTp\e colour without the a&ion of light, a 
circumftance which Reaumur had before re* 
marked refpe&ing that of the whelk ; that 
though at firft white, it becomes of a yellowifh 
green, which deepens to a fort of blue, that it 
afterwards reddens, and in lefs than five mi- 
nutes becomes of a very fine deep purple , 
now the purple of the ancients poffeffed thefe 
characters. 

Further, we have a very minute defcription 
of the manner of Catching the fhell fifti which 
produced the purple, by an eye witnefs, Eudo- 
cia MacremboiitilTa, daughter of the emperor 

* Hift. philofoph. & polit. da comm. des Indet . Hv, vi. 

• Menu de i'Acad. 173$. 

Vol. I. C Conftantine 
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Conftantine the eighth, who lived in the ele- 
venth century °. 

Our indifference as to procuring the purple, 
and our negligence of the experiments of feme 
modern philofophers refpe&ing it, arife, I 
think, from our being already in poffeffion of 
more beautiful, as well as much lefs expenfive 
colours ; and I am not Angular in this opinion 
In faS, the kermes affords a colour which was 
almoft as highly efteemed by the ancients, as 
the purple, and contributed to that which they 
diftinguifhed by the name Color Hyfginus. Now 
we know how to employ the kermes probably 
to greater advantage than they did, becaufe we 
poffefs a pure alum, which prepares the fluff 
to receive a more beautiful and durable colour $ 
yet our dyers have been induced almoft entirely 
to difcontinue the ufe of it, becaufe they can 
obtain from cochineal a colour beyond all 
comparifon more beautiful. 

• Eudocia MactembolitnTa was married to one of the 
Conftantines, and after his death to Rom. Ill, who was 
made emperor in 1068. The work is to be found in a 
colle&ion publiftied by Mr. d'Anfe de Villoifon, under the 
title of Anecdota graca e regia Parifienfi & e vetteta S. Marti 
biblkthecis de prompt a, T. i. 1781. 

p Bifchoff verfuche, &c. Goguet de Torigine des loix, cfcs 
arts, & des fciences, 2 e partie, liv. ii. 

if 
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If we fuppofe that the flight difference 6b- 
fervable between the colour obtained from 
the kermes, and that of the Tyrian purple, is 
compenfated by the advantage we derive from 
the employment of our alum, we may confider 
this admired purple, which on pain of death, 
none but the Caefars could wear, as fimilar to 
that blood red we fee in old tapeftry, which 
was produced by kermes. 

The fuppofition that the colour which we 
obtain from the kermes, is preferable to that 
obtained from it by the ancients, is fupported 
by the teftimony of Pliny, who infinuates that 
it was not a durable colour ; now the colour 
we give by means of kermes, to wool prepared 
with alum, is exceedingly durable. 

The ancients were not acquainted with that 
ufefiil fubftance foap *, which muft give us a 
fuperiority in fcouring, and fome parts of the 
art of dyeing. Inftead of it, with a view to 
get greafe out of wool, and to wafh linen, they 
made ufe of a plant, called by Pliny radicula, 
and by the Greeks ftruthion, and which fome 
think was our faponaria, foap-wort ; they like- 
wife employed with the fame view, another 
plant, which Pliny defcribes as a fpecies of 
poppy. Homer reprefents the princefs Naufica 
* Goguet, ibid, part, i. liv. ii. 

C 2 and 
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and her attendants wafhiag their linen clothe* 
in the ditches, by trajnpling on them with their 
feet. We are informed by other authority, 
that the ancients ufed afhes iji wafhing ; and 
fome of the bolar earths were likewife em- 
ployed for that purpofe. 

From the new world, we have acquired 
feveral fubftances that have been foqnd ufefut 
in dyeing, namely cochineal, br^fil wood, log- 
wood and anotta. 

But above all, we are indebted for the fupe- 
riority of our colours to our preparation of 
alum, and the folution of tin, which give fa 
much brilliancy to many of our dyes. Our 
very general ufe of filk, which takes fuch 
lively and beautiful coloi*r$ ; the rapid inter- 
courfe of trade, which brings the luxury of 
China and the Indies within the reach, even 
of the vulgar; the aftivity of induftry, en- 
lightened and ftimulated by jealoufy, and a 
contention for fuperiority among the different 
nations of Europe ; thefe circumftances have v 
raifed us very much above the ancients, and 
have made colours common among us, with 
which the moft opulent wiong them, were 
unacquainted : but previous to, the acquifitioi* 
of thi§ fuperiority, Europe experienced ajl the 
devaftations of b^rbarifn>. 

I» 
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In the fifth century, all the arts were loft 
throughout the Weft ; except a few, which in 
a ftate of decay, were preferved in Italy ; and 
no traces were left of knowledge, ihduftry, or 
humanity. 

Muratori * quotes a manufcript of the eighth 
century, in which we find a defcription of 
fome dyes, principally for fkins, artd fome 
pfoceffes cofine&ed with other arts 5 but the 
Latin, which is almoft unintelligible, and the 
chafms we find hejre and there, prevent us 
from being able to forth a juft idea of thefe 
proceffes 

The arts were better preferved in the Eaft, 
where articles of luxury wer6 procured by 
fome of th6 great, even fo late as the twelfth 
century. 

During the crufades, the Venetians derived 
their pow^r from the barbarous mania of the 

* Dil£ de tcxtrina & veftibus fa?culor, rudium. Atttiq. ItaL 
vol. ii. 

r I (hall quote literally a defcription of alum, which 
feems to prove that they employed only aluminous ftalaltites, 
or a volcanic earth impregnated with alum,. 

De Alumen. 

Alumen autem metallam, eft terra floriens dd Eritarin* 
Eritarin terra eft alba facilis ad pifandunu 
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age ; their fleets were loaded with provifions 
for our deftru&ive emigration; their com- 
merce increafed, the arts were eftablilhed 
among tKem, and improved by the induftry of 
the Greeks, and fpread from thence through 
the other parts of Italy. In the year 1338, 
Florence contained two hundred manufacturers, 
who are faid to have made from feventy to 
eighty thoufand pieces of gloth, which, as an 
objeft of commerce, was worth twelve hundred 
thoufand croons of gold. 

It is faid, that archil was accidently difco- 
vered by a Florentine merchant, about the 
year 1300. Having obferved that urine im- 
parted a very fine colour to a certain fpecies 
of mofs, he made experiments, ^nd learned 
to prepare archil. 

He kept his difcovery fecret, for a long time ; 
his pofterity, a branch of which ftill exifts, 
according to Dominique Manni, have retained 
the appellation Ruccellai, from Oreiglia, the 
Spanifh term for that kind of mofs. 

The arts continued for a long time to be 
cultivated in Italy with increafing fuccefs. In 
the year 1429, the firft colle&ion of the pro- 
ceffes employed in dyeing, appeared at Venice, 
under the name Mariegola del' arte de % ten tori : 
a»fecond edition of it, much improved, came 

out 
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out in 1510. A certain perfon called Giovan 
Ventura Rofetti % formed the defign of rendering 
this defcription more ufeful and extenfive. 
He travelled through the different parts of 
Italy and the neighbouring countries, where 
the arts had begun again to flourifli, in order 
to make himfelf acquainted with the various 
proceffes employed ; and he publifhed under 
the title Pliftho, a collection, which according 
to Mr. Bifchoff, is the firft that united the 
different proceffes, and which ought to be 
regarded as the leading ftep toward the per- % 
feftion which the art of dyeing has attained 

It is remarkable that in the work entitled 
Pli&ho, not a word is faid either of cochineal 
or of indigo, probably thefe two dyes were 
not employed in Italy. 

Pliny, indeed, fpeaks of a fubftance which 
came from India, which he calls Indicum, but 

» Ylifiho de I' arte de tentori, che infegna te%ger panni, tele 
hanbafi fede, Jt per Varte magiore % come per la commune 
tyinczia, 1548, 

This work has been tranflated into French, under the 
title of Suite du teinturier parfait, ou Tart de teindre les 
laines, foies, fils, peaux, poils, plumes, &c. com me, il fe 
pratique a Venife, Genes, Florence, & dans tout le Levant, 
& la maniere de paflez en chamois tout forte de peaux, 
traduit de Fttalien, Paris 1716. 
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it was only ufed in pointing. It is very pro* 
bable however, that the Indians employed it 
in dyeing. The firft of it ufed in Europe, 
appears to have been brought to us from the 
Eaft-Indies, by the Dutch. The cultivation 
of it in America, was firft eftabliflxed at 
Mexico^ and afterwards in other parts, where 
it acquired a quality fuperior to that which wo 
ftill get from India. 

For a long time, Italy, and efpecially Venice, 
poffefTed the art of dyeing almoft cxclufively * 
a circumftance which contributed to the prof. 
pcrity of their manufa&ories and commerce : 
by degrees it was introduced into France. 
Giles Gobelin, to whom the procefs for 
making the true fcarlet had been communicated, 
eftablifhed a manufa&ory in th$ place, which 
ftill bears his name. This undertaking was 
deemed fa xafh, that it was termed Golelins 
folly t but his aftonifhing fuccefs, at length 
induced our anceftors to think he had made 
a compaft with the devil. The difcovery of 
fcarlet may be confidered: as the moft remarks 
able sera in the art of dyeing. The ancients, 
as we have feen, applied the name fcarlet to 
\he colour obtained from kermes, which was 
#iuch inferior in beauty to th$ cokmr 
diftinguifli by th^t appellation. 
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The Spaniards having obferved that the 
inhabitants of Mexico employed cochineal in 
painting their houfes, and dyeing their cotton, 
gave their government an account of the 
beauty of that colour; and Cortes, in the 
year 1523, was ordered to promote the increafe 
of the valuable infefl:, from which it is ob- 
tained : the natural colour however, which t}ie 
cochineal gives, is but a dull crimfon. 

Soon after cochineal was known in Europe, 
a great chemift, of the name of Kujler> Kuffler, 
or Kepfler, found out the prefent procefs for 
making fcarlet, by means of a folution of tin^ 
and carried the fecret to London in the year * 
1643. 

A Flemifli painter called Kloeck or Glu<k y 
got poffeflion of this fecret, and Communicated 
it to Gobelin. The knowledge of the pro* 
cefs, afterwards fpread throughout all Europe. ' 
Gluck travelled into the Eaft, where there 
were ftill feme remains of Grecian induftry, 
amd afterwards fettled in Flanders-, where he 
fpent a long and profperous life. According 
to Mr. Francheville, this man who had beer* 
fo ufeful to his country, died about the year 

The 
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The ufe of indigo, which was likewife a 
great acquifition to the art of dyeing, was not 
fo eafily eftablifhed as that of cochineal ; it 
was ftri&ly prohibited in England, in the reign 
of Elizabeth, as was alfo logwood, which was 
ordered to be burned if found in any manu- 
faftory ; this prohibition was not taken off till 
the reign of Charles the fecond. 

In like manner the ufe of indigo was pro- 
scribed in Saxony ; in the edi£l againft- it 
(which brings to one's mind the edift againft 
the employment of antimonial emetics) it is 
fpoken of as a corrofive colour, and called food 
for the devil, Freffende T eufels \ 

This is a ftriking example of the errors into 
which an unenlightened adminiftration may 
fall, which liftens to the fuggeftions of interefted 
individuals. 

Thofe who dyed blue, and were accuftomed 
to ufe paftel and woad, reprefented, that indigo 
would deftroy the fale of thefe two articles, 
which were the produce of the country. Such 
a reafon, which would appear fpecious to many 
even in the prefent day, eafily produced a 
prohibition, which would be foon eluded by 
paying a tribute to the induftry of other na*. 

v Bifchoff verfuche* &s» 
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tions. The prejudice againft indigo was like- 
wife communicated to France, and Colbert's 
inftruftion forbad the ufe of more than a certain 
quantity in the paftel vats. 

The induftry of France, which had remained 
in a languid ftate during the ftormy adminift ra- 
tion of Richlieu and Mazarin, received a 
fupport from Colbert, which foon raifed it to 
preeminence among the nations of Europe ; 
he invited the moft fkilful artifts, he rewarded 
their talents, and eftablifhed many manufac- 
tories ; and it is curious to remark, that thofe 
of Vanrobais and Sedan were called in the 
letters patent which were granted them, manu- 
fa&ories of fine cloth, after the Dutch and 
Englifti faftiion. In the year 1672, he pub- 
lifhed a table of inftru&ions for dyeing \ 
which merits attention. 

The legiflator firft prefents us with the rea- 
fons that fhould induce us to think the objeft 
be is confidering, an objeft of confequence 5 

w General inftru&ion for dyeing wool, and woollen 
manufactures v of all colours, andf for the culture of the 
drugs or ingredients employed in them. This work was 
reprinted in 1 708, under the following title. Le Teinturier 
parfait, ou inftrudtion nouvelle et generale pour la teinture 
des laines et manufactures de laine de toutes couleurs, et pout 
Ja culture des drogues ou ingredients qu'on y emploie. 
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c< If the manufafiories of filk, wool, aftd thread, 
are to be reckoned among thofe which moft 

* contribute to the fupport of commerce ; 
€t dyeing, which gives them that ftriking vari* 
u ety of colour, by which they refemble what 
u is moft beautiful in nature, may be confidered 
'? as the foul of them, without which the body 
" could fcarcely exift. 

" Wool and filk, the natural colour of 

* which rather indicates the rudenefs of former 
u ages, than the genius and improvement of 
ff the prefent, would be in no great requeft, 
*' if the art of dyeing did not furnifh attraftions, 
*' which recommend them even to the moft 
m barbarous nations. All vifible objefts are 

* diftinguifhed and recommended by colours $ 
<e but, for the purpofes of commerce, it is not 
" only neceffary that they fllould be beautiful, 
f< but that they fhould be good, and that their 

* duration fhould equal that of the materials 
€i they adorn." But though Colbert inftituted 
many ufeful regulations for the inftruftion of 
the farmers and of the artifts, he fubmitted to 
that feudal fpirit, which from views to the 
revenue, multiplying the checks on commerce* 
induftry, and agriculture, impreffed algioft all 
Europe with the idea, that fuch reftraints were 
pecefTary. Inftead of confining himfelf to, 

3 fuch 
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fUch meafiires as might fecure honefty of 
manuf&&ure, ^nd goodnefs of colour ; inftead 
of encouraging the feeds of commercial honour, 
the objeft of which is the public confidence, 
his reftraints were exceffive. In the dyeing of 
black cloth, he infifted upon it, that the ope-» 
ration fliould he begun with the dyers in grain, . 
or thofe who give durable colours, and finifhed 
by thofe who employ only fading colours (tein- 
turiers en grand teint, & teinturiers en petit 
teint) ; each was confined to a certain number 
of ingredients, and neither was fuifered to 
have Brazil wood, &c. 

The bad efFefts of this prohibition were 
moderated by the facility of eluding it, and bjr 
the rewards bellowed on thofe, whofe experi- 
flptetits promoted the pfrogrefs of the art, and 
whole difcoveries were afterwards to be pub* 
lifhed, and to modify the exifting regulations* 
French induftry loft its preeminence by thef 
criminal revocation of the edift of Namz, 
mhich, trying defolation into our manu-^ 
fa&ories, ^ifperfed our workmen throughout? 
Europe. 

Since that time, the department of admi- 
niftration, to which the fuperintendance of 
arts and manufa&ures belongs, has conftaiitly 
fought to repair our lofks and encourarge our 

exertions, 
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exertions, imd particularly by difFufing know- 
ledge, which, under wife laws, is the mod 
efficacious means that can be employed. 

Dufay, Hellot, and Macquer, have been 
fucceflively charged with the care of improving 
the art of dyeing, and to their labours we are 
indebted for very valuable acqui fit ions. Dufay 
was the firft who entertained juft, though incom- 
plete ideas, refpefting the nature of colouring 
fiibftances, and the powers by which they 
adhere ; he examined with great fagacity 
certain proceffes, and eftablifhed the fureft 
methods that could at that time be employed 
for determining the goodnefs of a colour, and 
this he did, in an eafy and familiar manner. 
Hellot publifhed a methodical defcription of 
the proceffes ufed in dyeing wool, which even 
now is the bell treatife we have on the fubjeft. 
Macquer has given an exaft defcription of the 
proceffes employed in dyeing filk ; he has made 
us acquainted with the combinations of the 
colouring principle of Pruffian blue ; he has 
endeavoured to make an application of it to 
the art of dyeing, and has given us a procefs 
for communicating the moft brillant colours to 
filk, by means of cochineal. 

The folicitude of government on this fubjeft, 
has, in the opinion of foreigners, been crown- 
ed 
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ed with the fuccefs it merited. Mr. Anderfort 
attributes the fuperiority, which certain articles 
of French manufacture maintain over thofe of 
the nations who pofTefs the moft beautiful wool, 
to the perfe&ion of our dyes x , and Mr. Home 
expreffes himfelf in the following manner. 
w The French are indebted to the academy of 
u fciences, for their fuperiority in many of 
u the arts, and efpecially that of dyeing ; but 
<c many diftinguifhed philofophers have purfued 
" with equal fuccefs, the example of the acade- 
u my of fciences V 

Macquer intended to have publifhed a gene- 
ral treatife on the art of dyeing, the profpe&us 
of which he gave us in the year 1781, but the 
indifpofition which fo long led us to expeft his 
lofs, prevented his engaging in it ; he died 
in 1784, before he had been able to carry into 
eflFeft any part of his plan. I fucceeded him 
in his place of truft, under the commercial 
department of adminiftration, and was charged 
with the care of the arts connefted with che- 
miftry, and principally that of dyeing, fince 
which time, almoft all the inveftigations which 
I have inferted in the memoirs of the academy, 

x Hiftory of commerce. 
y Eflajr on bleaching. 

in 
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in the Journal de Phyfique, and the Annates 
tie Chymie, relate more or lefs to the theory 
and praftice of the arts. 

Chemiftry has experienced a general revolu* 
tion, which, by fubftituting faft in the place 
of hypothefis, with which we have heretofore* 
been obliged to be contented, has afforded us 
an explanation of many obfeure phenomena of 
nature and art. 

Of all the arts, that of dyeing, perhaps with 
frefpeft to its theory, requires the moft extenfive 
knowledge of natural philofophy ; becaufe it . 
is that which prefents the greateft number of 
phenomena to analyze, of uncertain changes 
to afcertain, and of relations to eftablifh, with 
air, light, heat, and many other agents, of 
which our knowledge hitherto has been very 
imperfeft. 

Although the labours of the -ingenious men 
above mentioned, and thofe of others, foreign* 
ers as well as Frenchmen, may have been very 
ufeful, whether in determining the elfential 
circumftances of proceffes, and thus rendering 
them more fimple and methodical ; or in 
analyzing many fubftances employed in dyeing, 
and thus extending the refources of the art ; 
or laftly, in difcovering the caufes of fome 
particular phenomena ; yet they have not been 

able 
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^hfe .t^form at theory whkh conae£ta the art 
in at! its branches which does not even leave 
a great deal to wift* for in every particular 
explanation* »d t ab3ve all, which brings into 
one! point i>f viewv the procefles of taduftry, 
and.tht operations of nature. 

I ha*e endeavoured to take my fitUation 
between the philofopher, and artift ; to the firft, 
I have fibewn where it. is that the phenomena of 
tfcerart of dyeing, and the phenomena of nature 
meet, and what are t&e principles which their 
difcoveries have eftabHfhed. 

I have etideavoured to refer ali the combi- 
nations produceddn the formation of colours* 
to the law*-' of attra&ion, and all the changes 
which the colouring particles undergo, to the 
approximation of the elements of the new 
combination. In this diftinftion, I oonfider 
only two effe€b of at^raftion ; one, that by 
which the firft combination is produced ; the 
other, that by which the elements of this 
combination obey their mutual attractions. 
The firft is analogous to the formation of neu- 
tral falts ; the fecond, to combuftion, putre- 
faction, and many other operations of nature; 
In the fecond part of my treatife, I have fur- 
ni£hed them with a fummary account of a very 
extenfive art, which defcrves their utmoft 
. Vol. I. D attention, 
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attention, and which prefents to their fagacity, 
a great number of intercfting refearches. They 
will jMtrdon me if I frequently prefent objefts 
with which they are familiar, if I fometimes 
repeat the lame idea, and if out of regard to 
thofe who are not ufed to fpeculation, I dwell 
on illtiftrations, which to them would be 
ufelefs* 

To artifts, I have prefented the principles 
of Chemiftry, fo far as they are required in 
the explanation of the phenomena of dyeing ; 
or rather, I have endeavoured to make them 
feel the heceffity of an acquaintance with 
them ; I have invited their attention to thofe 
obje&s mod nearly connefted with their art, 
and have furnifhed them with a {ketch of the 
operations for making the fubftances they em- 
ploy, with a view to induce them to qualify 
themfelves for preparing fuch articles as they 
want, whenever that may be deemed advan- 
tageous ; and alfo with a view, to give them an 
exaft idea of the nature and properties of thefe 
fubftances. They ought however to excufe 
me, if while I have aimed at precifion in 
describing proceffes, I have omitted any thing 
cffential ; if I have not always pointed out 
the beft, and if fome that are interefting have 
efcaped me ; the myftery which prevails in 

mod 
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tnoft manufa&ures, is a great obftacle to thofe 
who labour for the improvement of the arts. 

Both the philofopher and the artift will find 
me difpofed to profit by their information, and 
to refiify the errors I may have committed, I 
wifli them to confider me as a fellow -labourer, 
who defires to ftrengthen the ties by which they 
ought to be united ; and as a friend of reafon, 
who enjoys, in retirement, the progrefs of 
knowledge, from whatever fource it flows. 

While they are granting indulgence to my 
weak attempts, I wifh them to confider in me 
the civiime of the arts and fcienles* 

Experiments which relate to dyeing, are 
attended with peculiar difficulties. Since the 
beauty of a colour depends on a nicety of 
fliade, which the flighted: circumftance may 
effeft, we are often difappointed, And what 
fucceeds in a fmall eflay, may fail in an opera* 
tion on the large fcale ; evaporation, which 
goes on proportionally fafter in a fmall vefTel* 
than in a large caldron, variations in the de- 
grees of heat, the great difficulty of obtaining 
uniformity of colour, inequalities in the alter- 
nation of the a&ion of the liquor, and of the 
air, the more difficult precipitation of the 
grofler parts, unite in rendering it very difficult 
to apply the moft accurate experiments, to 
D 2 operations 
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operation* on a large fcaie. Thus I havtf 
rather hinted f than propofed the changes, 
which may be attempted in the procefles 
commonly employed ; I have defcribed thofe 
which may be depended upon, or which are 
found in thofe works which mofi merit our 
confidence, confining myfetf, however, to 
drcumffances which feem effentiak The 
delcription of the proceffer is preceded by 
chemical experiments, which fumifh us with a 
knowledge of the nature of the colouring 
materials (employed in thenar, and more efpe- 
cially in the effefts whieh may be produced by 
the ingredients ufed* or which might be iifed as 
means of uniting the colouring matter with the 
ftufF (mterm6des) : this is: generally followed 
by observations on tlitempft ftriking operations- 
on the differences retired: according to the 
intention, ©recording to the nature of the 
Huff, and on the application of the principles 
cftablifhed in the firft part of the work. 

Hence it is evident that I have guarded 
again ft leading artifts into error, by inducing 
them to change their procefTes prematurely ; 
it has been my defign to qualify them for 
making experiments in their art, for explaining 
the phenomena that may occur, for fele&ing 
obfervations, and gradually introducing into 

their 
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their manufactories, more firnple, more varied, 
and more perfeQ: methods. 

In vain fhould I have conceived the hope of 
feeing artifts enlightened by fcience, which 
teaches them to go back to caufes, thence (as 
it were) to calculate effe&s if there were no 
chance of inducing a change in the ufual mode 
of their education. But philofophy has paved 
the way for a reform, which is fo confonant to 
the order eftabliftied on the ruins of prejudice, 
and fo powerfully recommended by illuftrious 
/example, more efpecially in a neighbouring 
nation, which has hitherto preceded us in the 
patn of reafon ; that I flatter myfelf I fliall 
not be difappointed. The advancement of the 
arts ought to attraQ: a confideration propor- 
tioned to its ufefulnefs, and to the knowledge 
it demands ; more efpecially when the illufions 
of vanity, to the imputation of which the 
french chara&er may have been liable, ftigll 
b£ for ever foaniijied from the nation. 
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PART THE FIRST. 
OF DYEING IN GENERA!,. 



SECTION I. 

Of the genefal Properties of Colouring 
Subftances, 

CHAPTER I. 
Of Colouring Particles^ and their At traftim. 

AS the phyfical theory of colour is foreign 
to the fubjeft of the prefent worjc, I fihall 
make only a few obfervations on the aftion 
by which the particles of bodies, by frbforbing 
certain rays of light, and tranfinitting or re« 
flefting others, produce colours, before I enjer 
D 4 on 



en the confidential of the properties of 
colouring fubftances. 

Xewton has demonftrated in his optics, that 
tranfparent bodies refleft the rays. of. one 
colour, and tranfroit thofe of another, according 
to the difference of their thicknefs or denfity. 
Mr. Delavai * has endeavoured to apply the 
Newtonian theory to the colours of all per- 
manently coloured bodies, and has collefted 
a great number of experiments, in order to 
prove; -that the difference of colour in thefe 
bodies is exaftly proportioned to the denfity 
of their conftituent parts. 

The application of the ingenious experiments 
on tricolours refle&ed by thin and tranfparent 
bmin&i to die cafe of permanently coloured 
bodies, is founded upon analogies which did 
not efcape the penetration of Newton ; but 
the fubje& doe* net yefc appear $o admit of 
any direft proof, or inference, refpe&ing 
particufctr .colours ; for fiift, the very fame 
colours are fucceflively produced by laming, 
the thickriefebf whith is increafed in a certain 
pregteffive^rdef f that w£ canned determine 
by the liihcf of Colour produced by a tranfpa- 

"tttttfWthiriefi wRieh^bf &H the different degrees 

. r ■ . . - ■ . 

■* , ffyWfflffi inquiry iatq . ths ca^fe of the permanent 
fsolours of opakc bp4ies ? 

11 % ■ w of 
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of thicknefs capable of producing the colour, 
that particular lamina poffefled. 

Secondly, the fmalnefs and the denfity of 
the particles of bodies, are, according to 
Newton, two qualities, which combine to 
produce colour in tranfparent laminae, and the 
thicknefs of the laminae of \yater, of air, arid 
of glafs, muft be different, in order to refleSt 
the fame colour ; but we have no means 
whereby we can determine either the fmalneft 
or the denfjty of the particles of bodies ; their 
fpecific gravity will not anfwer this purpofe, 
for fmall particles, with very numerous pores, 
may give the fame fpecific gravity as larger 
pores and a fmaller number of larger par- 
ticles. 

When Mr. Delaval. afferts, that the feries 
of colours which the metals communicate to 
glafs, depends upon their fpecific gravity, he 
refutes himfelf by the fafts which he relates i 
for he obferves, that yellow glaffes may be 
made either with iron, lead, or filver, which 
are very different in fpecific gravity. 

Mercury, combined with a fmall quantity of 
oxygen h is black, but by its union with a 

larger 

* It may be proper to inform fuch readers as are not 
acquainted with the new nomenclature, adopted by many 

of 
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larger quantity it affumcs a red colour. Iron 
is capable of acquiring almoft any colour, 
according to the quantity of oxygen with 
which it is combined, and the variations of 
fpecific gravity, refulting from thefe propor- 
tions of oxygen are very fmall, and much le& 
confiderable than the difference in the fpecific 
gravities of thefe metals. 

The feme author afferts, that alkalis change 
feveral vegetable blue colours to a green, 
becaufe they increafe the denfity of their 
particles ; and that acids change them to a red, 
becaufe they leffen it by folution ; but alkalis 

of the frencb chemifts, that by this term is to be under- 
ftood, that part of the pure or dephlogifticated air, which 
is united to metals during calcination; it has therefore 
been alfo called the bajtt of pure air (fee the annexed 
vocabulary). 

What the other conftituent part or parts of this fluid are, 
does not feem yet determined ; by fome* it is fuppofed to 
be the matter of light; by others* to be that of heat* 
called in the above-mentioned nomenclature* caloric (cala- 
riqae) ; and by others, both are conceived to concur in its 
formation. Analogy* and even fome obfervations, have led 
me to believe that light is not in every cafe neceiTary to the 
production of this fluj^ in lts elaftic ftate, but experiments 
are ftill wanting on the fubjeft. 

The etymology of the term is from Ofa * acid, and ytUofia^ 
I generate, it being fuppofed the univerfal parent of aci- 
dity. T. 

alfo 
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fclfo diffolve molt of the colouring fubftances, 
and render them much more mifcible with 
water than they are naturally; they ought 
therefore to aft like acids ; befides, acids 
diflblve fome blue colouring fubftances without 
changing their colour; thus the folution of 
indigo in the fulphuric (vitriolic) acid, retains 
its blue colour, even when diluted with a very 
large quantity of water, though according to 
Mr. DelavalV theory, the denfity of the blue 
particles muft have fuffered a material alter- 
ation. Finally, many vegetable fubftances 
become red or green,, by means of a very 
weak acid, or a very fmall quantity of alkali* 
without its being poffible to perceive the fhades 
which ought to intervene. 

The fmalnefs and denfity of the particles 
are not the only circumftances which ought to 
be taken into the account ; it appears even 
from Newton's experiments, that their che- 
mical properties have a confiderable influence 
on their colour, for doubtlefs a force which 
afts powerfully in refra&ing the rays, muft 
likewife influence their refle&ion. 

By comparing the refra&ive power of 
different bodies, Newton found that inflam- 
mable fubftances poflefs it in a much greater 
degree, than fuch as are not inflammable ; 

from 
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from hitfobfervatiohs on this fubjeft, he drew 
the wonderful conclufion, that the diamond 
contained a large quantity of inflammable 
matter, that water was an intermediate fub* 
ftance, between the inflammable and uninflam* 
mable bodies, and that it fupplied vegetables 
with the inflammable principle ; which truths 
have been feen and demonftrated only in the 
prefent day. 

Many important obfervations ftill remain 
for thofe, who would follow the fteps of that 
great man, and compare the refra&ing powers 
of the different gafes, and other fubftances, 
the conftituent principles of which are now 
known. Is it the hydrogen c or the charcoal 
(charbon d ) which contributes raoft to the 
refra&ing power of inflammable fubftances ? 
The experiments made on the diamond, would 
lead us to confider it as a pure, cryftallized 
charcoal ; , but in the oil of turpentine, which 
has a confiderable refrafting power, the hydro* 
gen is predominant. 

e The name given to the bafis of inflammable air in the 
new french nomenclature, derived from T&yp, water, and 
ythoftot, I generate. T. 

* It is fnppofed the author here means that fubftance, 
which in the fame nomenclature is denominated carbon* (fun 
tbamal) fee vocabulary, T, 

Many 
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Many chemical experiments prove that 
fcxygen has alfo a great attraftion for light i 
it combines with it, without feparajing the rays; 
and it recovers its elaftic form in confequence 
of this combination, *hen it is not retained by 
at fuperior attra&ion (affinit&D ; hence when 
oxygenated (dephlogifticated) muriatic acid, iri 
tthich the oxygen is retained with but a fmall 
degree (rf force, is expofed to the light, it 
quits the add and afiumes its elaftic form, as it 
becomes i&\ur4ted witk the matter of fight ;' a 
fimilar fepattatitfn takes place when the' nitric - 
(dephlogifticated nitrous) 4 acid is expofed t& 
the ray* of the ftm, but wfth greater -difficulty, 
beeaufc the oxygen is more* intimately united 
with this acid. . The -oxygen may alfo 'be 
fepapated in the fame manner, from fome o*yd* 
or metaUib ealees. - • — 

When a particular principle enters into flie 
compofitK» of-any fubftancein a large 1 pro* 
portion,^ k c&hmonly fhevrsf its . own properties 
by thofe- which it imparts, however mocBfieti ; 
thus oxygen by its union- with metals, enabfes 
them to aft more powerfuHy on the - rays- of 
light, but- With different degrees of force, on 
the different kinds of tkys, until its attraction 
is fo far- weakened by heat, that all the rays 
may unite. with it f and give" it its- ' elaftie- fermi 

Hence 
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Hence it is, that metallic oxyds change their 
colour, from fmall differences in the proportion 
of their oxygen. The oxyd of Manganefe 
affords us a remarkable phenomenon in this 
refpeft ; when faturated with oxygen, it appears 
black, if the particles are very clofe ; but if 
they are diffufed or difperfed, as in glafs, which 
contains a certain quantity of this fubftance, it 
has a red tinge, which fhews that its appearing 
black, arifes only from the red particles being 
too near each other ; if it be deprived of a 
great part of its oxygen, either by means of 
charcoal, or any other fubftance which is 
capable of feparating that principle, the glafs 
becomes quite tranfparem, and lofes its colour ; 
but it may be reproduced by nitre, or any 
other fubftance which reftores to the Manga- 
nefe the oxygen it had loft. In this way, its 
ufe in glafs-making is explained ; it deftroys 
the carbonaceous or coaly matter which might 
injure the purity of the glafs, and thus at the 
fame time, becomes itfelf incapable of produ- 
cing any colour, if it be employed in proper 
quantity. 

In metallic oxyds, and many mineral fub~ 
dances, all the parts are equally coloured ; but 
this is not the cafe in vegetable and animal 
fubftance* ; their colour is generally derived 

from 



ART O t DYEING. C£ 

from particles, which are mixed or combined 
with thofe of which thefe • fubftances are 
fprmed, aiid vegetables commonly contain 
different colouring particles at different times 
of their growth, or in their different parts. 

It is almoft folely the colouring particles of 
vegetable and animal origin, that are ufed in 
dyeing, but they are frequently modified by 
different mtermedes e . It is to thefe, that the 
name of colouring particles is given in this 
treatife (parties colorant es). 

Thefe colouring particles are not fo fimple 
in their compofition, as thofe of mineral origin, 
and oxygen does not aft upon the colours of 
both in the fame way. How it afts upon, and 
changes them, will be explained in one of the 
fucceeding chapters. 

Some chemifts have confidered iron as the 
caufe of all vegatable and animal colours ; and 
Mr. Becker, in order to fupport this opinion, 
makes ufe of the argument drawn from the 
property which this metal fo generally diffufed 
over nature, has, of affuming a great variety of 

• This term and that of mordant feem pretty nearly 
tynonimous, both being applied to fubftances that modify 
cdlours, and make them ftrike, as it is commonly expreffed 
by our dyers. Vid. Introduction, pag£ xxzvi. T. 

o colours, 
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colours, when its oxyd (calx) is in % ftate ot 
fblution, or of vitrification f . 

Iron does in faft, appear to be contained in 
all Vegetable and animal fubftances* but only 
in a very minute proportion. Oak^ which 
b. one of thofe vegetable fubftances tftat ought 
to afford the greateft proportioa of tefiduum, 
leaves after combuftion, only t£* of its weight 
of afhes, and thefe do not contain rfcr?of their 
weight of iron. Is it poffible by fa viry fmall 
a quantity, to account for the rich and brilliant 
colours with which vegetables are adorned ? Is 
there ahy remarkable connexion , between the 
changeablenefs of fome of thefe colours, by 
means of acids, alkalis, or air, and thfe regular 
fucceffion of colours in iron, according to its 
degree of. oxydation (calcination). 

I know that tfee, opinion which I am now 
oppofing, may be fupported by the fuffrage of 
^ergman, who has attempted tQ. prove that 
indigo owes its colour, to the iron it contains « i 
but I fhajl take the liberty of replying, that it 
is eafy to £hew, that this great chemift was 

f Specimen fiftens experiraenta circa mutationem colonim 
quQrundam vegetabilium a corporibus falibus, cum corok 
lariis auftore L F. Adolpho Becker, 1 779* 

* Anafyfe chymique de llndigo. Mem. des Sav* etrang* 
torn* ix, 

miftaken 
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mlftaken in this particular. By means of the 
praffiat of alkali h , he extra&ed from the afhes 
oiT one ounce of indigo, from thirty to thirty- 
two grains 6f Pruffian blue, the iron of which 
he eftimates to be from eighteen to twenty 
grains ; but in other places, he (hews that the 
iron contained in & fubftartce, does not at this 
utmoft exceed one fifth of the Pruflian blue 
obtained from its folution 5 and in every othet 
inftance, he makes ufe of this calculation, 
which is very accurate. The quantity of iron 
therefore, h£ obtained from an ounce of indigo, 
ought to be reduced to fix grains ; in the 
experiments which follow, he fliews that the 
greater part of this iron may be diflblved in 
the muriatic acid, without any change being 
produced in the colouring particles, fo that 
ihe Jargeft /hare of that metal did not enter 
into their compofition. Hence it clearly 
follows, that the colouring particles in this 
fubftance muft contain a quantity of iron, fo 
fmall, as to have but very little influence on 
its colour. I am alfo inclined to think phy- 
fiologifts wrong, in concluding from the ex- 

* By this term is to be underftood alkali, which has been 
boiled upon Pruflian blue, commonly called phlogifticated 
alkali. T. 

Vol. I. E periments 
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periments of Menghini, that iron is the im- 
mediate caufe of the colour of the blood. 

We are not only incapable by any of the 
means of chemical analyfis we poffefs, of 
afcertaining the compofition of the colouring 
particles, with a degree of precifion, fufficient 
for difcovering the principles to which they 
owe their properties ; but it is alfo obvious 
that very different compofitions may produce 
the fame colour. The conftituent matter of 
indigo is very different from that, to which 
moft of our blue flowers owe their colour. 
We have a great number of yellow fubftances 
which afford colours very fimilar in their 
appearance, yet they are very different in their 
properties. There are fimple colours, and 
there are' others which refult from a mixture 
of thefe, confequently of a compound nature. 
Newton has laid down a rule for the produftion 
of any given colour, by means of the, other 
prifmatic colours. Le Blon has fhewn that all 
the colours required in painting, may be pro- 
duced by different mixtures of red, blue, and 
yeljow *. Dufay has found, that the fame 
might be accomplifhed in dyeing, and has 

. * L'Hscmonie da coloris dans la peinturc reduite en 
pratique. 

thence 
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thence inferred that there are only three pri- 
mitive colours in nature/ which produce all 
the reft, and this opinion has been adopted 
by many philofophers* though it is eafy to 
prove it to be without foundation. 

There is this difference between fimple 
colours, and thofe produced by the union of 
different coloured rays* that the former viewed 
by means of a prifm, retain their fimplicity, 
while the latter are ^iecompofed. Thus the 
green produced by the rays of that colour, 
fuffers no decompofition by the prifm, and has 
therefore the property of a fimple and primi- 
tive colour,- but that which is compounded, 
feparates ^ntq blue and yellow. Although the 
green employed in dyeing, refults from the 
mixture of blue and yellow, all greens are not 
to be confidered as compofed of two kinds of 
colouring particles j thus, the green in the 
oxyd of copper, cannot arife from particles of 
different kinds ; and that of plants is certainly 
of a homogeneous nature, but this fubftance 
may produce green, either by reflecting the 
green rays, or by refle&ing the blue and yel- 
low ; and there are many colours neceffarily 
produced by the refle&ion of feveral different 
fpecies.of rays. If the green of plants arofe 
from two fubftances, the one' yellow, and the 
E 2 other 
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other blue, it would appear extraordinary, that 
thefe could not be feparated from each other, 
nor their proportions changed by means of 
menftrua * yet there are fome fubftances which 
contain colouring particles of different kinds ; 
fuch is madder, as will prdently appear. 

Green, which I take as an example of the 
colours in dyeing, that are really of a com- 
pound nature, demonftrates, that the colouring 
partides cover only a -^art of the fiirface of 
the ftuff, though its colour may appear full and 
uniform ; for after it has been dyed blue, the 
yellow particles ftill attach themfelves, and 
produce green ; and a proof that they are 
attached to the ftuff principally,- and not to 
the particles of indigo, is, that, though the 
procefs has been begun by applying the yellow 
firft, provided it be not of too fixed a nature 
(folide) it may be deftroyed by the air, and 
more efpecially by chemical agents, while the 
blue remains nearly Unchanged. 

Hence we fee, that by mixing rays of 
different colours together, we may have the 
impreflion of a fimple colour. In faft, an uni- 
form colour may be produced by the mixture of 
different coloured wools ; and in painting, fim* 
pie (hades refult from the mixture of different 
ingredients which do not unite together. 

The 
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The colouring particles form different com- 
binations, and attach themfelves either alone* 
or previoufly combined with other fubftanccs, 
to wool* filk, thread, and cotton. The art of 
dyeing coitfifts in employing thefe attra&ions 
of the colouring particles, in order to extrafi; 
diffolve, apply, and fix them in the fubftances 
to be dyed. 

It has been propofed to divide the colouring 
particles into extractive and refinous ; but fuch 
a divifion can convey only partial and erro- 
neous ideas of theii properties ; for there are 
fome colouring particles^ which not being folu- 
ble in water, would be confidered as refinous, 
and yet they are not foluble in alcohol ; fuch 
are the Fed colouring particles of baftard faffron, 
carthamus (carthame) which are only foluble 
fey means af alkalis ; and alfo, indigo, which 
is neither fokibk in water, nor in alcohol, and 
diffoives in alkalis, only under particular 
ekcuraftance*, but V^ry safily in the fulphuric 
acid. 

The colouring particles which are foluble in 
Water, cannot be confidered as fimilar to the 
mucilaginous and extra&ive parts of vegetables, 
becaufe the property of diffolving in wateF, 
Ukeithtfe fubftances, conveys no idea of the 
prop$rti*s which it is effcntitfd to remark in 
E 3 them, 
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them, fuch as their affinities with the chemical 
agents employed in dyeing, with the air, with 
light, and with animal and vegetable fub- 
ftances. 

The progrefs of true theory is alfo impeded 
by attempts to explain the properties of co- 
louring fubftances, from the mucilaginous, 
refinous, earthy, faline, or oily particles, which 
are fuppofed to enter into their compofition, in 
the way Mr. Poerner has done ; fuch attempts 
are fimilar to the vain explanations frequently 
offered refpe&ing the aftion of medicines. 
(Vide Cartheufer's Mater. Med.) 

We hlave juft feen, that in explaining the 
caufe of colour, and the nature of colouring 
particles! two great inconveniences have arifen ; 
fnrft in the attempt to illuftrate the a&ion which 
the particles of colouring fubftances have on 
the rays of light, in confequence of their 
denfity and thicknefs, without having any means 
of afecrtaining this, and without any regard to 
the attractions, which refult from their che- 
mical compofition 5 fecondly, in comparing 
the colouring particles to mucilages and refins, 
from fome very faint refemblances ; and in 
attempting to explain their colouring properties 
by conjefturcs, formed refpe&ing their com- 
{um?M partes while thefe properties ought 

rather 
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rather to be afcertained by direQ; experiment, 
than explained by an imaginary compofition. 
It was alfo departing from true theory, which 
is the refult of obfervation alone, to afcribe , 
to laws purely iriechanical, the adhefion of the 
colouring particles to the fubftances dyed, the 
a&ion of the mordants, the difference between 
the true or durable, and the falfe or fading dyes. 
Hellot, to whom we are indebted for the bell 
treatife extant on dyeing, was completely wrong 
on this fubjeQ:, and his theoretical ideas fre- 
quently influenced his obfervations, and the 
principles he laid down, as may be feen by 
confulting the work itfelf. Some judgment 
may be formed refpe&ing his theory, from 
the following paffage, " I believe it may be 
u laid down as a general principle in the art 
u of which I am now treating, that all the 
u invifible mechanifm of dyeing, confifts in 
w dilating the pores of the body to be dyed, 
" in depofiting in them, particles of foreign 
u matter, and retaining them there ' by a kind 
Ci of covering not liable to be affe&ed by 
ft water, rain, or the rays of the fun ; in 
" choofing colouring particles of fuch a degree 
" of finenefs, as to be rendered fufficiently 
" fixed in the pores of the fluff, opened by 
f « the heat of the boiling water, and <igauu 
E 4 confiriclcd 
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* conftri&ed by cold, and ajfo coated by the 
€t kind of varnifli (maftic) which the falts em- 
" ployed in its preparation had left in thefe 
u pores i whence it follows, that the pores of 
« the fibres of the wool, which has been 
" wrought, or is to be wrought into cloth,, 
u fhould be cleanfed, enlarged, coated over, 
C€ and then conftri&ed, fo tliat the colouring 
u particles may be retained in them, nearly in 
" the fame manner as the diamond is retained 
** in the collet of a ring V* 

It is furprifing that Macquer, who was 
amongft the firft who entertained juft notions 
refpe&ing chemical attractions, was led aftray, 
by tiie ideas of Hellot. u I fliould now ex* 
" plain (fays he) the a&ion of mordants in 
u dyeing, and unfold the caufes of durable 
cc and fading dyes ; but this fubjeQ; has been 
" treated of with fo much fagacity by Mr, 
" Hellot, that I fliall refer the reader to 
« him V 

Dufay 

* L'Art de la Tcinturc des Laines, p. 42. 

1 This refers to a treatife on dyeing filk, publifhed by Mao 
quer, In 1 763, entitled Art de la Teinture en Soie. ovarii propos, 
pag, 8, but that he was afterwards led to correft this opi-r 
nion, is evident from the following paffage, taken from the 
article dyeing, in his chemical di&ionary, publifhed in 1 778, 
with his name affixed, vqJ. jv. pag. 26* " That the. above 

*' (alluding 
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Dufay however had before obferved, thai 
the colouring particles were naturally difpofect 

to 

cc (alluding* to Helloes theory) is not the only reafon how- 
ever, is evident from a £a& very well known in dyeing* 
" If after having alumed as completely as poffible a poun4 
" of wool, aud a pound of filk, each of them be dyed 
u feparately in a cochineal bath, they will both acquire a 
" very fine and durable crimfon ; but with equal quantities 
" of cochineal in each bath (bain) the colour of the. woof 
<c will be much more full and intenfe, than that of the filk* 
4C and the difference in this refpedl is fo great, that the (ilk 
" will not acquire fo deep a crimfon as the wool, unle& 
" more than double the quantity of cochineal be employed i 
" that is, two ounces and a half of cochineal are requifitfc 
" for giving the pound of filk as full a crimfon, as tba£ 
*' which is produced in the pound of wool by one ounce 
'* of the fame fubftance ; and we cannot fay with Mr. lc 
'* Pileur d'Apligny, that this proceeds from the pores of 
€€ the lilk being much fmaller than thofe of the wool, and 
u being able to receive only the fineft colouring particles of 
«« the cochineal, while the wool receives them all* becaufe. 
€S its pores are either larger or more numerous i if thia. 
*' were the cafe, the bath in which the filk had taken up all 
« that it was capable of receiving, Ihould ftill retain a, 
" confiderable quantity of the colouring matter ; but thi& v 
«* by no means, happens ; on the contrary, it is certain* 
" that filk dyed, with the proportion of two ounces and 
*' a- half of cochineal, to the pound, leaves its bath as clea* 
" and as much exhaufted of its colour, as one prepared for, 
** the fame quantity of wool* with only one ounce of oo- 
«* chineal." And he afterwards proceeds to attribute it* 
$0 a chemical union of the colouring particles to the matter 

of 
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to adhere more or lefs firmly, to the filaments , 
which receive them m ; he remarks very juftly, 
that without this difpofition, Ruffs would nqper 
affume any colour, but that of the bath, and 
would always divide the colouring particles 
equally with it ; whereas the liquor of the bath 
fometimes becomes as limpid as water, giving 
off all the colouring particles to the ftuff ; 
* which feems to indicate (fays he) that the 
u ingredients have lefs attraftion for the water, 

of the ftuff dyed, cither immediately or by the intervention 
of mordants ; and concludes thus : " From thefe effe&s 
** we fee evidently, why the extra&ive colouring particles 
,c cannot ftrike a colour, without the afliftance of a mordant 
• c previoufly applied to the ftuff to be dyed ; it is plain, 
" that the compofition of the mordant, the precipitation of 
•* earthy, or metallic bafis, and finally the union of the 

colouring particles with thefe earthy or metallic fubftances, 
u take place in the ftuff impregnated, with the mordant, 
** when it is immerfed in a decoction, which holds this 
«' colouring matter in folution ; and hence it follows, that 
«* in all cafes of colours ftruck in this manner, which arc 
«« very numerous, it Is not the ftuff immediately which 
" takes the colour, but the earthy or metallic part of the 

mordants; fo that when ftuffs are well dyed by thefe 
•* procefles, it is owing to thefe coloured precipitates beingj 

capable of adhering to them, more or lefs forcibly," D'un 
maniere plus ou moins folide. 

m Obfervations phyfiques fur le melange dc quelques 
touleurs dans la teinture. Mem. de l'Academ. 1 737. 
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u than for the particles of the wool he 
adds, that many other phenomena might be 
accounted for in the fame way ; but that fuch 
an explanation ftill leaves a great deal to be 
wifhed for, and that he would relinquiffi it 
readily, if a more probable one fhould be 
propofed. 

Bergman feems to have been the firft who 
referred phenomena of dyeing, entirely to 
chemical principles ■ ; having dyed fome wool 
and fome filk in a folution of indigo, in very 
dilute fulphuric acid, he explains the efFe&s he 
obferved in the operation, by attributing them 
to the precipitation occalioned by the blue 
particles having a ftronger attraction for the 
particles of the wool and filk, than for thofe of 
the acidulated water; he remarks, that this 
attraction of the wool is fo ftrong, as to deprive 
the liquor entirely of the colouring particles ; 
but that the weaker , attraction of the filk, can 
only diminifh the proportion of thefe particles 
in the bath; and he fliews, that both the 
durability of the colour, and the degree of 
intenfity it is capable of acquiring, depend or\ 
thefe different attractions. This is, in faCt* 

B ^nalyfe dc l'indigo. Mem. des Say, etran. torn, vu 
fnd in the notes on Schcfier's treatifc. 
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the true light in which the phenomena of dyeing 1 
fliould be viewed ; they ^re real chemical 
phenomena which ought to be analyzed in the 
fame way as all thofe dependant on the a&ions 
which bodies exert, in confequence of theip 
peculiar fljature. 

The colouring particles poffefs chemical pro- 
perties, that diftinguiftr them from all other 
fubftances * they have attractions peculiar to 
themfeLvea> by uieaas of which, they unite with 
acids, alkalis* metallic oxyds, and fome earths 
principally alumine. They frequently preci- 
pitate oxyds and aluiT>ine, from the acids which 
held them in folution ; at other times they 
unite with the falts and form fupracompounds 6 9 
which combine with the wool, filk, cotton, or 
linen. And with* theft, their union is rendered 
much more clofe by means, of alumine or a 
metallic oxyd, than it would be without theia? 
intervention. 

The difference in the attraftions of the co- 
louring particles for wool, filk, and cotton, is 

° In the original Jkrcompofitians^ by which is to be under-? 
Hood compounds of more than two ingredients. I have 
rendered it by the above word, as the idea feemfr borrowed 
from Beccher and Stahls mixts,^ compounds, decompounds, 
and fupradfccompounds, though the application of the term 
is more vague, T, 

fometimes 
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fometimes fo great, that they will not unite with 
one of thefe fubftances, while they combine very 
readily with another; thus cotton receives no 
colour m a bath which dyes wool fcarlfct. Dufay 
got a 'piece of .ftuff made, the warp of which 
was wool and the woof cotton, which went 
through the procefs of fulling, that he might 
be certain that the wool and the cotton received 
exaftly th& fame preparation ; but the wool took 
the fcarlet dye, and the cotton remained white. 
It is this difference of attraction which renders 
it neceflkry to vary the preparation, and the 
procefs, according to the nature of the fubjtance 
which we wifh to dye of a particular colour. 

Thefe coftfiderations ought to determine the 
road to be purfued, for the purpofe of im- 
proving the art of dyeing. 

It is certainly proper to endeavour to afcer- 
tain, what are the conftituent principles of the 
colouring particles ; for though fuch an invefti- 
gation cannot of itfelf lead to an extenfive ap- 
plication at prefent, yet it would appear, that 
we have attained a knowledge of the nature of 
the modifications produced in thefe particles 
by different agents. 

The effential circumftances are, to determine 
the affinities of a colouring fubftance, firft, with 
the fubftances which may be employed as men- 
ftrua; 
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ftrua ; fecondly, with thofe which may by their 
combinations modify the^ colour, increafe its 
brilliancy, and help to ftrengthen its union with 
the fluff to be dyed ; thirdly, with the different 
agents which may change the colour, and chiefly 
with air and light. 

It muft be remembered, that the qualities of the 
uncombiqedcolouring particles are modifiedwhen 
they unite with a fubftance ; and if this compound 
unites with a duff, it undergoes new modifications; 
* thus the properties of the colouring particles of 
cochineal are modified, by being combined 
with the oxyd of tin, and thofe of the fubftance 
refulting from this combination, are again mo- 
dified by their union with the wool or filk ; fo 
that the knowledge we may acquire by the exa- 
mination of colouring fubftances in their feparate 
dates, can only inform us refpefting the prepa- 
rations that may be made of them ; that which 
we acquire refpeflting their combinations with 
fubftances which ferve to fix them, or to increafe 
their beauty, may inform us what proceffes in 
dyeing ought to be preferred or tried; but it 
is only by direft experiment made with the dif- 
ferent fubftances employed in dyeing, that we 
can confirm our conje&urcs and eftablifti the 
proceffes. 1 

In the courfe of thefe obfervations, we (hall 

frequently 
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frequently be able to point out the rationale of 
the circumftances in operations, that depend 
only upon praflice unenlightened by fcience, 
but yet enriched by the triaifrof many ages ; we 
Ihall be able to retrench what is fuperfluous, 
to render fimple what is complicated, and to 
employ analogy for the purpofe of transferring 
to one procefs, that which is advantageous in 
another; but Aili a confiderable number of 
fafts will occur, which we cannot explain, and 
which are not reducible to any theory : we muft 
then content ourfelves with detailing the procefs 
of art, without attempting to give new explana- 
tions, and wait for further light from experience. 

From the preceding obfervations, it follows, 
that the changes produced by acids and alkalis 
on many vegetable colours, fuch as the chemifts 
often employ, in order to difcover the nature of 
different fiibftances, are owing to the combina- 
tions which take place between thefe colouring 
particles and the acids and alkalis. The com- 
pounds refulting from thefe combinations, may 
be compared to neutral falts, which poffefs qua- 
lities different from thofe of their component 
parts, but in which one of thefe parts may be 
in excefs, and its qualities confequently be pre- 
dominant. This ftate of combination is ob- 
fervable between the colouring particles of 

cochineal 
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cochineal and acidulous tartrite of pot-afh, or 
cream of tartar ; by evaporating flowly, a felu- 
tion of this fait in a deco&ion of cochineal, 
cryftals are formed, which retain a fine ruby 
colour, much more bright and intenfe than that 
of the liquor in which they were formed. 

There are fome acids, particularly the nitric, 
which after having combined with the colouring 
particles, change the colour which they at firft 
produced, make it yellow, and deftroy it. They 
then aft by means of one of their principles, the 
oxygen, in a manner which will be explained^ 
in treating of the aftion of air and oxygenated 
muriatic acid, on the colouring particles. Blud 
colours are not the only ones which bfecome 
red by the addition of acids, and greeh by that 
bf alkalis ; moft red colours, as that of the rofe* 
e. g. are heightened by acids, and made green 
by alkalis ; and fome green colours, fuch as that 
of the green defcoftion of burdock, according tt* 
Mr. Nofe p , and the green juice of buckthorn. 
(Rhamnus Catharticus) according to Mr. Becker* 
ate reddened by acids. This property, which is 
common to moft of the ordinary colours of ve- 
getables, feems to prove, that there is a great 
analogy between their colouring particles ; and 

* Vcrfuchc cinigcr beytragc zur chymie. 
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it u not without foundation, that Lirmeeus fup- 
pofed \ that the red in vegetables was owing to 
an acid, and indicated its prefence r ; hut there 
are alfo many vegetables which contain acid in 
a difengaged ftate, without having a red colour. 

The colouring particles then have attra£lions 
for acids, alkalis,, earths, and metallic oxyds> 
* which conftitute a part of their chemical proper- 
ties; and in confequence of which, their co- 
lours are more or lefs changed. 

Thefe particles then form, with the ftuff 1 bh 
which they are fixed* a compound, which retains 
only fome of their original properties j they are 
alfo modified by their union with alumine, me- 
tallic oxyds, and fome other fubftances, as ate 
alfo thofe new compounds, when they are further 
combined with the fluff ; all thefe modifications 

* Arnxnitatam acid, torii. iv» 

r Thefe are fome flower*, the colour of which feems to be 
naturally modified by a very weak acid, without being pro- 
perly red; fuch are the flowers of the violet, the red juice of 
which becomes blue* when fufFered to remain for fome time 
in a tin veflfel ; probably becaufe the acid which it contained, 
combines with the oxydated (calcified) part of the furface of 
the tin ; fuch alfo are the flowers of mallow, which become 
blue by fimple exficcation ; the original colours are reftored 
by a very minute portion of acid* Qbferv. fhyfico-chym. fur 
its cauleuft, par M. Opoix, Journ. de Phyf. torn* <vtiu 

• In the conrfe of this work, by ft off, is meant any fub- 
ftance that is dyed, whatever may be its nature or form. 

Vol. I. F are 
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are analogous to what is obferved in other che- 
mical combinations : we {hall now proceed to 
the confideration of them in detail. 



CHAP.' II. 

Of Mordants. 

TH E title Mordant is applied to thofe fub~ 
fiances which ferve as intermedes between 
the colouring particles and the fluff to be dyed* 
either for the purpofe of facilitating or of mo* 
difying their combination. 

Mordants merit the greateft attention; as, by 
their means colours are varied, brightened, 
made to ftrike, and rendered more durable. 

The analyfis of the aftion of mordants in 
particular, conftitutes dyeing a chemical art, 
and a more complete knowledge of their effe&s, 
would contribute in an eminent degree to the 
perfe&ion of that art. 

In the third fe&ion, I enumerate the effen- 
tial qualities of the chemical agents moft em- 
ployed as mordants. I afcertain, when fpeaking 
of each colouring fubftance, the effe&s they 
produce on it. 

In 
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In this chapter, I fliall examine the nature of 
the aftion of the principal mordants, and fhall 
endeavour to determine, how their .ittra£lions 
Terve to unite the colouring particles with the 
fluff, and how they affefi the qualities of the 
colours* ' 

A mordant is not always a fimple agent, and 
new combinations are fometimes formed by the 
ingredients that compofe it; fo that the fub* 
fiances employed, are not the immediate agents, 
but the compounds which they have formed. 

Sometimes the mordant is mixed with the 
colouring particles, and fometimes the fluff is 
impregnated with it ; on other occafions, both 
thefe modes are united ; and finally, we may 
dye fucceffively with liquprs containing different 
fubftances, the laft of which only can aft on the 
particles with which the fluff is impregnated. 

As the art of printing linen affords many pro* 
ceffes, in which it is eafy to obferve the effefts 
of mordants: I fhall quote a few examples 
from it, which will render the theory hereafter 
propofed, more intelligible. 

The mordant employed for linens intended 
to receive different fhades of red, is prepared 
by diffolving in eight pounds of hot water, three 
pounds of alum, and one pound of acetite of 
lead, or fugar of lead, to which two ounces of 
F 2 pot-afh, 



$0 UEM.ENTS Of THZ 

pot-afh, and afterwards two ounces of powdered 
chalk, are added \ 

The alum is decampofed by the acetite of 
lead, beeaiife the oxy.d of lead combines with 
the fulphuric acid, and forms an infoluble fait 
which is precipitated ; the bafe of the alum or 
alumine ( the argillaceous earth) at the fame time 
combines with the acetous acid* and produces 
an acetite: of alumine; the chalk and pot-afh 
ferve to faturate the excefs of acid. 

One advantage refulting from the formation 
of the acetite of alumine is, that thte alumine is 
retained in it by a much weaker atir^&ion than 
in the alum, fo that it more eafily quits its men- 
ftruum, to combine with the ftuflF and the co- 
louring particles. 

A fecond advantage is, that the acid liquor 
from which the alumine is feparated, has much 
lefs aftion on the colour when it confifts of the 
acetous, than when it*confifts of a ftronger acid, 
fuch as the fulphuric. 

Finally, the acetite of alumine not having the 
property of cryftallizing, the mordant, which is 
thickened with ftarch or gum to prepare it for 
being applied to the block on which the defign 

» Wc (haU enter into the detail of this operation, when 
treating of madder, in the fecond yoloiae* 
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fe engraved, does not curdle as it would if it 
contained alum, which would cfyftallize. 

Let us attend to the operation performed upon 
a piece of linen cloth: when it has beeriitnpreg* 
nated by the mordant, in the manner determined 
by the defign, it is put into a bath of itiadder ; 
the whole of the cloth becomes colourtd, but 
the tittge is deeper iri thofe parts which have 
received the iftofdant ; there the colouring par- 
ticles have combined with the aluffiihe and th$ 
Cotton, fo thaR a triple compoiihd has been 
fartned, and the acetous acid feparated from its 
bsrfk is carried off in the bath: 

The colouring particles combined with the 
alumine and the fluff, are much tttotfe difficultly 
affeftetfby external afgfcttts, than when they are 
ki a .feparite ftate; Or combined only with the 
fluff; without itty int»iftedi&te b6rid of uriion; 
and it is on this property that the operations, td 
which die cloth is aftenterds fabjeftiid,i 'aire 
founded : after it hks been tfiaddeted, it ifr 
boiled with brth, inftt fpread upon the grafs ; 
and thefe operations aire alternately repeated; 
until the ground be<to&Ss white. N 'The tolour^ 
mg particles whfchi h^^ot urtitea Vith th£ 
alumine, are altered in their cbmpbfitiori,: Aifc 
fblved; ilid fepa*«ed; tfhiift thofe that have 
Combined Itfith it; teffiaihi' knti l alrtt 'j^eferve^ 
F 3 without 
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without alteration ; and thus, the defign alone 
remains coloured. 

This deftru&ion of the colouring particles by 
expofure on the grafs, and boiling with bran, 
feems to be accomplifhed in the fame manner 
as that of the colouring particles of flax, and to 
admit of the fame explanation. The only dif- 
ference confifts in fubftitujting bran for alkalis, 
becaufe they would diflblve a part of the colour- 
ing matter which is fixed by the alumine, and 
would change its colour; inftead of which, the 
bran having a much weaker aftion on this fub- 
ftance, affefts only the colouring particles, which, 
by the aftion of the air, have been difpofed to a 
more eafy folution. 

If, inftead of the mordant I have mentioned, 
a folution of iron be employed, the fame phe- 
nomena take place ; the colouring particles de- 
compofe the folution of iron, and form a triple 
compound with the fluff ; but, inftead of red, 
we get from the madder brown colours of dif- 
ferent fhades, down even to black; and, by 
uniting thefe two mordants, alum and iron, we 
have mixed colours, inclining to red on the one 
Band, and to black on the other, fuch as mordore 
and puce colour. 

Finally, we get other colours, by fubftituting 
dycn weed for madder, and by means of thefe 

two 
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two colouring fubftances, indigo, and the two 
mordants above mentioned, we obtain moft of 
the different {hades obferved in printed fluffs. 

The fubftances which compofe a mordant, 
are fometimes incapable of decompofing each 
other folely by their own attra&ions ; but the 
attradion of the fluff for one of their conftituent 
parts, brings about a decompofition and new 
combinations, and fometimes this effeft is not 
produced or completed without the aid of the 
attra&km of the colouring particles. This ap- 
pears to be the cafe in the mixture of alum and 
tartar, one of the moft common mordants em- 
ployed in the dyeing of wool. 

I diffolved equal weights of alum and of tartar, 
the latter fait by this mixture acquired a greater 
degree of folubiiity than it naturally poffcfles ; 
but, by evaporation and a fecond cryftallization, 
the alum and die tartar were feparated, fo that 
they had not decomposed each other. I boiled 
for an hour, half an ounce of alum with an 
ounce of wool ; a precipitate was formed, which 
I wafhed carefully ; it confided chiefly of fmali 
filaments of wool incrufted with earth : to this 
I added fulphuric acid, and evaporated to dry. 
nefs, diffolved it, and obtained eryftals of alum ; 
fome carbonic particles feparated from it: I 
evaporated the liquor in which the wool had 
F 4 been 
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been boiled* but obtain^ fro® it only a few 
grains of ; t^e remainder would not cryk 
tallize; I re^iffolved it % and precipitated the 
^lumine by an alkali; the precipitate was of a 
{late colour* it grew bl^k up^o a redrfecrt cos^ 
«nd emitted alkaline vapQu?$- » 

By this experiment we fee, that the woo), had 
4ecomp$fed the alum ; th# a pa^f t of th$ itlupvme 
kid combined with its moft dsttiched ffafti£n&* 
which we*e leaft retained by force Qf aggre- 
gation; that a pan of m ^4 fuUflswR^ hftd 
keen diflblved* ^ad pr«ci|4uM^d by ta^Mudi* 
from the triple combina*i$$ which it had forwd, 

I made the fame $xp£rk#en4 with.Wf an 
ounce of alum and tw<p>diw?.ftf tartar ^ pre- 
cipitation tpofe: plage ; J^ebt^ned by *va#QjtfL«. 
tion a fmall portion of tw&k a^d fon^ v«e*y 
i*reguU*t ciy&afe of abxfc* ife*. , *eft would not 
x cryitallise ; this X diMsd vitfc waier, precipi- 
tated by poMh, and obtained* hy:OYja^ojatio^ 
a fait whish burned like, tartar t j: 

The wool which had beep boiled Vitk fch* 
alum felt harfb, but the other had preferred its 
foftnefs. The firft had acquired from the raacfc 
der a more dull though lighter tmt> but the co- 
lour of the latter was more full and bright. 

I cannot enter into a minute explanation of 
'what took place in thefe OHperimenta^ but we 

fee, 
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fee, fitft, that the wool had begun a decompo* 
fition of the alum, that it had united with a part 
of the alumine* and that even the part of the 
alum which retained its alumine, had diflblved 
fome of the animal matter : fecondly, thai 
the tartar and alum> which cannot dec<^pofe 
each other fctely by their own attraftioiti; 
become enable of afting cm each other, when 
their attf aftion* are affifted by that of the wool i 
thirdly, thafctfc;t|fftar appear* principally ufeftd 
far sfrodemiftgjtht t<k> .powerful a&ionjoff the* 
dinm upon the wool, whereby it is injured; foi 
tartar is not ufed in the aluming of filk and 
thread* Which have tefa aftfcon on the alum than 
wool has* %: 

Afr the decompofitioft of alum by the tartar 
tod WOQ& takes pteceift cenfequence of attract 
tions- whi^ itr^r^r balance each other, a^d tba 
proceft muft therefore go an (lowly, ,we fee wbjf 
itis lifefUl tCr "keep the fluff impregnated with 
l&unt and tart a#, for ibme d*ys ifi a moift place* 
as is recommended. 

The final.effe& of aluming* in whatever man* 
ter perfojttnecfc atot whatever chertiical changes 
may hkve taken, place ia it, canfifts in the oof^t 
bination of alumine with: die ftuff: this union 
has probably been iitiperfcS; and the acids onl J 
partially feparated, but becomes complete when 

the 
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the cloth has been boiled with the madder, as 
we have fcen in the cafe of printed ftuffs. 

An acid or an alkali may, however, form a 
fhpracompound wkh the fluff, the colouring 
matter, and the alumine ; for there are fome 
colours which are changed by an acid and re- 
ftored by alkalis, or by calcareous earths, 
which take the add from them, or vice verfa : 
but this fupracompofition ddes not take place 
with refpeft to thofe ccflours which are eftqemed 
durable, being unchangeable by alkalis or acids, 
which are not ftfong-enough to deftroy their 
composition. 

The attra&ion of alumine for animal fub- 
fiances, is not merely indicated by uncertain 
appearances, nor fuppofed, for the purpofe of 
being employed in explanations, but is proved 
by direft experiment. I united them together; 
by mixing an animal fubftance with a folution 
of alum, a double exchange took place, the 
alkali entered into combination with the acid of 
the alum, and the alumine, combined with the 
animal fubftance, was precipitated b . 

I proved the attra&ion of alumine for animal 
fubftances by another experiment having 
mixed a folution of glue with a folution of alum* 
I precipitated the alumine by an alkali, and the 

* Mem. de l'acad. 1784* 

glue 
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glue with which it had combined, fell down 
along with it. This compound has the appear- 
ance of a femitranfparent jelly, and grows dry 
with difficulty e . Thus we have alfo feen in the 
preceding experiments, that the alkali precipi- 
tated the alumine combined with the animal 
fubftance, from the uncryftallizable refidue of 
the alum which had been boiled with the wool. 

The attraftion of alumine for moft colouring 
fubftances, may alfo be fhewn by direft expe- 
riment. If a folution of a colouring fubftance 
be mixed with a folution of alum, a precipita- 
tion fometimes takes place ; but if to the liquor 
we add an alkali, which decompofes the alum, 
and feparates the alumine, the colouring par- 
ticles are then precipitated, combined with the 
alumine, and the liquor remains clear: this 
compound has got the name of Lake. In this 
experiment, too much alkali jnuft not be added, 
becaufe alkalis are capable of diffolving moil 
lakes* 

No direft experiment has yet ftiewn, that 
alumine attra&s any vegetable fubftance except 
the colouring particles ; its attra&ion for them 
feems much weaker than that which it has for 
animal fubftances ; hence the acetite of alumine, 
as has been already obferved, is a better roor- 

« Ann. dcChymie, tom.ir. p. 155* 

dam 
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«bnt for cotton and linen than alum is, and 
upon this depend the different means employed 
to incfeafe the fixity of the colouring particles 
of madder in the dyeing of thefe fubftances. 

. Metallic oxyds have fo great an attraction for 
many colouring fubftances, that they quit thq 
acids in which they were diflblved, and are 
precipitated in combination with them. 

On the other hand, all metallic oxyds hive 
the property of uniting with animal fubftances ; 
and I have formed thefe different compounds* 
by mixing an alkali faturated with an animal 
fubftance, with metallic folutions d . 

It is not fiirprifing, therefore, dial metallic 
oxyds ffiould ferve as a bond of union between 
the colouring particles and animal fubftances j 
but, befides the attraftkin of the oxyds for die 
colouring panicles and for animal fubftances, 
their fohitions in acids poffefs qualities, which 
render diem more or lefs fit to ad as mordants : 
thus, thofe oxyds which 'eafily part with theit 
acids, fuch as that of tin, are capable of com- 
bining with animal fubftances, without the aid 
of colouring panicles * it b fufficient to im- 
pregnate the wool or the frfk with a folution of 
tin, although they be afterwards carefully wafhed, 

4 Menudel'acad. 1784. 

which 
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which is not the cafe with other metallic fo-i 
lutions. 

Some metallic fubftances afford in combina- 
tion, only a white and colourlefs bafis; and 
ibme, by the admixture of their own colour, 
modify that which is proper to the colouring 
particles ; but in many metallic oxyds, the co- 
lour varies according to the proportion of 
oxygen they contain, and the proportion of this 
is eafily liable to change. Upon thefe circum- 
ftances, which will be examined in the con- 
clufion of this fe&ion, their properties in dyeing 
principally depend. 

The attra&ion of metallic oxyds for fubftances 
of vegetable origin, feems much weaker than 
that which they have for animal fubftances, and 
we are even ignorant whether they be capable 
of contracting a real union with them or not : 
metallic folutions are therefore ill fitted to ferve 
as mordants for colours in cotton or linen, 
■ except iron, the oxyd of which unites firmly 
with vegetable fubftances, as is fhewn by iron 
moulds, which are owing to a real combination 
of this oxyd. * 

When the colouring particles have precipi- 
tated a metallic oxyd from its menftiruum, the 
fupematent liquor contains the difengaged acid, 
which is commonly capable of diffoiving a por- 
3 tion 
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tion of the compound of colouring fubftance 
-and oxyd, fo that the liquor remains coloured ; 
but fometimes the whole of the colouring par- 
ticles are precipitated, when the proportions 
have been accurately adjufted : this precipitation 
is facilitated, and rendered more complete, by 
the prefence of the ftuff, which affifts, by the 
tendency it has to unite with the compound of 
oxyd and colouring particles. 

Uncombined metallic oxyds have alfo a very 
evident aQion on many colouring fubftances 
when boiled with them, and modify their co- 
lour ; the oxyd of tin in particular, increafes the 
brightnefs and fixity of feveral. 

The compounds of oxyds and colouring fub- 
ftances may be compared to many other chemi- 
cal compounds, which are infoluble, when the 
principles of which they are formed are pro- 
perly proportioned ; but which are capable of 
being fuperfaturated by an excefs of one of the 
principles, and thence of becoming foluble. 
Thus a metallic oxyd united with a colouring 
fubftance in excefs, will produce a liquor, the 
colour of which will be modified by the oxyd, 
whereas, when the colouring matter is not in ex- 
cefs, the compound will be infoluble, or nearly fo € j 

e Obfemtlons on the combination of metallic oxyds with 
the aftringent and colouring matter of vegetables. Ann. de 
Chym. torn* i. 

thefe 
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thefe effefts are very evident in the combination 
of iron with the aftringent principle. 

Neutral falts, fuch as nitre, and particularly 
muriat of foda (common fait) aft as mordants, 
and modify colours ; but it is difficult to afcer- 
tain the manner in which they_a&. I have 
found, that the muriat of foda was contained in 
fubftance, in the precipitates produced by fome 
fpecies of colouring particles, and that thefe 
precipitates retained a confiderable degree of 
folubility ; it would feem, that a fmali part of 
the fait becomes fixed with the colouring par- 
ticles and the fluff. 

Salts with calcareous bafes alfo modify co* 
lours; but as thefe modifications are nearly 
fimilar to thofe which would be produced by the 
addition of a fmall quantity of lime, it is pro* 
bable that they are decompofed, and that a little 
of the lime enters into combination with the 
colouring particles and the fluff. 

If we attend to what has been now faid, we 
(hall eafily difcern, what combinations are 
formed by the agency of the different reaftives 
employed in the analy fis of colouring fubftances ; 
but we rauft not forget, that the mordants and. 
the colouring particles have a mutual a&ion on 
each oth^r, which may change their properties. 

We already perceive, that by varying the 

mordants* 
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mordants, we may multiply prodigioufly the 
(hades obtained from a colouring fubftance ; to 
vary their mode of application even, may be 
fufficient : thus we fhall have different effefts, 
by impregnating the ftuff with the mordant, or 
by mixing the mordant with the bath ; by ap- 
plying heat, or uling exficcation ; for we ope- 
rate upon three ele&ive attra&ions ; that of the 
colouring particles, that of the fluffs, and that 
of the principles of the mordant; and many 
circumftances may caufe variations in the refult 
of thefe attra&ions ; circumftances which merit 
further explanation. Exficcation favours the 
union of the fubftances which have an attra&ion 
for the ftuff, and the decompofitions which may 
refult from that union $ becaufe the water which 
-held thefe fubftances in folution, by its attrac- 
tion, oppofedthe a&ion of the fluff; but the 
exficcation fhould be flow, in order that the 
fubftances may not be feparated before their 
mutual attraftions have produced their effefl. 
Hence we learn, how the repeated exficcations 
employed in fome proceffes produce their effeft. 

The greater or lefs difpofition of the ftuff to 
Unite with the colouring particles, fometimes 
occafions confiderable differences in the mode 
of employing the mordant; thus, when this 
difpofition is ftrong, the mordant may be mixed 

with 
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Kith the colouring fubftance; the compound 
then formed, unites with the Huff immediately ; 
but if it be weak, the compound formed by the 
colouring particles, and the fubftance employed 
as intermede, may feparate, and be precipitated, 
before it can be attached to the fluff. To pre- 
vent this inconvenience, we muft begin, by au 
taching to the ftuff, the fubftance which is to 
ferve as the medium of union between it and 
the colouring particles. From thefe obferva- 
tions, I (hall deduce the explanation of the dif- 
ferences that occur in the proceffes employed 
in dyeing wool or filk black, or with cochineal. 

To judge of the effefts of mordants, and of 
the moft advantageous manner .of employing 
them, we muft then, independently of the con- 
fiderations afterwards to be mentioned, pay at- 
tention, firft, to the combinations which may 
be produced, either by the a&ion of the fub- 
ftances which compofe them, or by that of the 
colouring particles and the ftuff ; fecondly, to 
the circumftances which may concur, in bringing 
about thefe combinations more or lcfs quickly, 
or in rendering them more or lefs complete ; 
thirdly, to the a&ion that the liquor in which 
the ftuff is immerfed may have, either on its 
colour ox texture ; and in order to forefee what 
that action may be, it is neceffary to know the 
Vol. I. G proportions 
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proportions of the principles which enter into 
the compofition of the mordant, and what will 
be left in an uncombined ftate in the liquor. 

Mordants are not obtained from the clafs of 
falts alone ; vegetable and animal fubftances ferve 
as mordants for each other under certain cir- 
cumftances ; thus, in the procefs for Adrianople 
red, of which there is a defcription in the fecond 
volume, the cotton ought to be impregnated, 
or rather combined with an animal fubftance ; 
and thus, the aftringent principle is often em- 
ployed as a medium of union between colouring 
particles and fluffs. 

No one has hitherto varied mordants, and 
their mode of application,morethan Mr. Poerner, 
and in that refpeft, his works may be of great 
utility, particularly that which has been juft 
tranflated f . 

f Inftru&ion fur Tart de la teinturc, & particulierement fur 
la teinture des laines ; chez Cuchet, rue & hotel ferpente. 
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CHAP. III. 

Of the AEtion of different Sub/lances, parti- 
cularly of Air and Light on Colours. 

have hitherto confidered the colour- 
m % particles, only as fubftances capable 
of forming different combinations, by which 
their properties are modified ; but they may be 
altered in their compofition, either by other 
external agents, or by the fubftances with which 
they unite. 

It is proper to begin with an examination of 
the changes produced by external agents, be- 
caufe they are more'eafily ascertained. 

The liability of a colour confifts in its power 
of refilling the a£lion of vegetable acids, alkalis, 
foap, and more efpecially that of the air and 
light ; but this power varies exceedingly, accord- 
ing to the nature of the colour and the fpecies of 
the fluff ; for the fame durability is not required 
in the colours of filk as in thofe of wool. 

There is no obfeurity in the aftion of water, 
acids, alkalis, or foap ; it is a folution brought 
about by thefe agents ; and it appears that a fmall 
quantity of acid or of alkali, fometimes unites 
Vith the compound which gives the colour; 

G 2 becaufe 
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becaufe the colour is not deftroyed, but only 
changed, and may be reftored, by taking away 
this acid, as for example, by means of chalk or 
ammoniac (volatile alkali). 

This is not the cafe with refpe& to the 
aftion of air and of light. Hitherto, the 
nature of their aftion was not underftood ; but 
at prefent, confiderable advances being made in 
this theory, it is found that nothing but expe- 
riment is wanting, to lead us to an accurate 
knowledge of the fubjeft. 

Scheele had obferved, that the oxygenated 
marine acid rendered vegetable colours yellow, 
and he attributed that effeft, to the property it 
had of taking up the phlogifton which entered 
into their compofition. 

I have fhewn • that the properties of the 
oxygenated marine acid, were owing to the 
combination of its oxygen, with the fubftances 
expofed to its aftion ; that it commonly ren- 
dered the colouring particles yellow ; but that 
by a continuance of its aftion, it deftroyed 
their colour; without determining in what this 
fc&ion confifted. 

Mr. Fourcroy has fince made feveral ob- 
fervations on the a&ion of oxygen on the 
colouring particles, which throw a great deal 

* Mem. dc Tacad. 1785, 
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thofe produced by metallic oxyds, and thofe 
produced by the colouring particles. I had 
proved that the modifications of the former, 
were entirely owing to different proportions of 
oxygen, as already mentioned in the firft 
chapter of this feftion ; but observation led 
me to form a different opinion refpe&ing the 
modifications of the latter. 

I have obferved, that the oxygenated marine 
acid exhibited different phenomena with the 
colouring particles, that fometimes, it dischar- 
ged their colour and rendered them white, 
that moft frequently it changed them to a 
yellow, fawn colour (fauve d J brown, or black, 
according to the intenfity of its a&ion ; and 
that, when their colour appeared only dif- 
charged or rendered white, heat, or a length 
of time, was capable of rendering them yellow. 
I compared the effeft produced by the oxy- 
genated marine acid, when the particles are 
rendered yellow, fawn coloured, or brown, 
with the effeft of a flight degree of combuftion, 
and fhewed that they were the fame, that they 

4 Though fauve is here translated in the ufual manner 
(fawn colour) it does not appear to mean what we commonly 
underftand by that appellation; for in other parts of the 
work, it is called root colour, and applied to that kind of 
brown whigh is produced by walnut peels, Sec 

were 
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were owing to the deftruftion of the hydrogen, 
which combining with the oxygen, more eafily, 
an4 at a lower temperature than charcoal does, 
leaves it predominant, fo that the natural co- 
lour of charcoal, is more or lefs blended with 
chat which before exifted. 
. This effeft becomes very evident, when 
fugar, indigo, or the infufion of the gall nut, 
or of fumacb, are expofed to the aftion 
of oxygenated muriatic gas (dephlogifticated 
marine acid air) ; the fugar and the indigo 
aflume a deep colour, and afford indifputable 
marks pf a flight combuftion ; the infufion of 
the gall gut, and that of fumach, let fall a 
black precipitate, which is nearly pujre char- 
coal. 

Thefe phenomena are analogous, to thofe 
which are obferved in the diftillation of organi- 
zed fubftances ; in proportion as the hydrogen 
is extriq#ed in the form of oil, or of gas e , 

r 

* This term is adopted by moft of the french chemifts, 
to denote thofe permanently elaftic fluids, commonly called 
airs by englilh chemifts. It occurs firft, I believe, in Van 
Hdmont's treatife de Aquis Spadanis, wherein he calls the 
carbonic acid gas of the authors of the new french chemical 
nomenclature, the fixed air of Drs,. Black, PriefUey, &c« 
by the name of gas, or gas fylveftre, fuppofed to be derived 
from the German GeiR, fpirit. T. 
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the fubftaftce grows yeilow> and at length, 
there remains only a black coal. • If the 
hydrogen be expelled from, aft oil by hfeat* it 
grows brown in the fame manner. 

Other experiments which I had made on 
alcohol and on ether, had fhewn me, that th* 
oxygen united to the marine acid, had the 
property of combining with the hydrogen* 
which abounds in thefe fubftances, and of 
thereby forming water. 

When therefore the oxygenated marifle acid 
tenders a colour yellow, fawn coloured* !o* 
brown, this effeft proceeds from the doibMrirtg 
matter having undergone a flight, cbmbuftion, 
by which, more or ' lefe of its hydrogen has 
been converted into water ; and the charcoal 
thus rendred predominant, has communicated 
its own colour. 

I have fhewn that the art of bleaching iihfcft 
by means of the oxygen of the atmoipher^ 
of the dew, and of the oxygenated marine 
acid, depended on this change of the colouring 
matter. The colouring particles of the flax , 
are rendered fohible in the alkaline lixivia* 
the a&ion of which ought to alternate whh 
that of the oxygen. Thefe colouring particlies 
may be afterwards precipitated from the alkali, 
and by evaporation and drying become black, 
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and prove the truth of this theory, both by 
the colour they have acquired, and by the 
quantity of charcoal which they yield by 
analyfis. 

The alkaline folution of the colouring mat* 
ter of linen, which is of a dark brown colour, 
lofes its colour almoft entirely, by the addition 
of a certain quantity of oxygenated marine 
acid ; and the fame effeft is obfervable in 
many other fubftances, which have aflumed a 
colour pfbceeding from an incipient com* 
buftioh. 

A piece of linen which appears white may 
yet grow yellow in the courfe of time (more 
efpecially if expofed to a certain degree of 
heat) if the oxygenated parts have not been 
removed by a fufficiently ftrong lixivium ; in 
like manner, the green parts of vegetables 
are rendered white by the oxygenated marine 
acid, but become yellow by being boiled. 
- Thefe ft&s 3hew that oxygen is capable of 
whitening, or rendering paler, the colouring 
matters with which it unites, perhaps by having 
produced the effefts of a flight combuftion 
upon them; or poffiWy, thefe effe&s take 
place only afterwards in a flow manner, but 
more readily, when the whole is expofed to a 
certain degree of ^ieat. It is very probable 

that 
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that in all cafes a part of the oxygen unites 
with the colouring matter, without being com* 
bined with the hydrogen in, particular, and 
that it is in this way, that oxygen renders the 
colouring matter of flax more foluble in 
alkalis. 

Oxygen has certainly an influence in many 
other caies, on the changes which take place 
in the colouring particles, of vegetables a 
thefe particles are formed chiefly in the leaves* 
flowers, and inner bark of trees ; by degrees 
they undergo a flight combuftion, either from 
the aSion of the atmofpheric air which fur- 
rounds them, or from, that of the air whiqh is 
carried by a particular fet of veflels, into the 
internal parts of vegetables ; hence* moft trees 
contain fawn coloured -particles,, inclining more 
or lefs to yellow, red, or brown, which* in 
confequence of this combuftion, grow thick* 
and are at laft thrown out of the vafcular fibres 
of the bark, the greatefl: part pf \yhich I have 
found compofed of them. ~ 

Thefe observations teach us how the air a£b 
upon colouring matters, of an animal, or 
vegetable nature ; it firft combines with them, 
renders them weake/ and paler, and by degrees 
occafions a flight combuftion, by means, of 
which, the hydrogeji, which entered into theu 

compofition 
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compofition is deftroyed; they change to a 
yellow, red, or Fawn colour ; their attra&ioa 
For the fiuff feems to diminifli ; they Feparate 
From it, and are carried ofr by water: all 
thefe efFefts vary, and take place more or leFs 
readily, and more or lefs completely, according 
to the nature oF the colouring particles; or 
rather, according to the properties which they 
poffefs, in the ftate oF combination into which 
they have entered. 

The changes ^which occur in the colours 
produced by the union oF the colouring par- 
ticles with metallic oxyds, are efFefts, com- 
pounded oF the change which takes place in 
the colouring particles, and oF that which the 
metallic oxyd undergoes. 

The light oF the Fun confiderably accelerates 
the deftruftion oF colours ; it ought therefore 
{iF the theory I have propofed be well Founded) 
to Favour the combination oF oxygen 3 and the 
combuftion thereby produced. 

Mr. Sennebier has given us a great number 
oF interefting obFervations on the efFefts oF light 
on different Fubftances, and particularly on their 
colours ; he attributes thefe efFefts to a direft 
corabinaton oF light with the Fubftances f . 

f Mem. phyfico-chymiques fur rinfluence dc la lumicrc 
fibiie* &c. voL U & iii. 

The 
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The effe&s of light on the coloitr of wood* 
have been long fince obferved ; it preferves iu 
natural appearance while kept in the dark, but 
when expofed to the light, it becomes yellow, 
brown, *or of other fhades. Mr. Sennebier 
has remarked the varieties which occur in thi$ 
particular, in different kinds of wood, and ha3 
found, that the changes were proportioned tQ 
the brightnefs of the light, and that they take 
place even under water, but that wetted wood 
underwent thefe changes lefs quickly than that 
which was dry ; that feveral folds of ribban4 
" were required to defend the wood completely, 
that a fingle leaf of Jblack paper was fafficient, 
but that when paper of any other colour was 
fubftituted, the change was not prevented ; a 
fingle covering of white paper was infuflicient, 
but two intercepted the a&ion of the light. 

That philofopher has extended his experir 
ments to a great number of vegetable fubt 
ftances, in a manner which may ferve to 
illuftrate many phenomena of vegetation, which 
I do not enter into at prefent. But to fliew, 
in what manner the fun a&s upon colours, it 
may be fufficient to examine the appearances, 
prefented by a folutiori of the green part of 
vegetables in alcohol. 
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IF fudi a folution, which is of a fine green 
colour, be expofed to the light of the fun, 
it very foon acquires an olive hue, and lofes 
its colour in a few minutes. If the light be 
weak, the effeft is much more flow ; and in 
perfeft darknefs, the colour remains without 
alteration, or if any change does take place, it 
requires a great length of time. Mr. Sennebier 
afferts that an alkali reftores the green colour ; 
but if the change of colour in the liquor has 
been completed, the alkali has no eflfeft. He 
has obferved that no change of colour takes 
place in azotic gas (phlogifticat^d air) nor in 
a bottle which is quite full. 

I inverted over mercury a bottle half full 
bf this green folution, and expofed it to the 
light of the fun ; when the colour was dif- 
charged, the mercury was found to have rifen 
in the bottle, and confequently, vital air had 
been abforbed, the oxygen having united with 
the colouring matter. I did not obferve that 
precipitate which Mr. Sennebier mentions ; the 
liquor had continued tranfparent and retained 
a flight yellow tinge. 

I evaporated this liquor ; its colour was 
immediately rendered darker, and became 
brown ; the refiduutn was black, and in the 
ftate of charcoal. 

The 
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The light therefore produced its effeft by 
favouring the abforption of oxygen, and the 
combuftion of the colouring matter ; at firft, 
the marks of combuftion are not evident ; the 
liquor retains only a flight yellow tinge, but 
by the affiftance of heat, the combuftion is 
completed, the liquor becomes brown, and 
leaves a black refiduum. If the veflel in which 
the liquor is, contains no oxygenous gas, the 
light has no effeft on the colouring matter ; 
azotic gas in this fituation fuffers no dimi- 
nution. 

The above obfervation, that ribbands, or a 
fingle leaf of white paper, do not prevent the 
a&ion of light, merits attention, by proving 
that light can pafs through coverings which 
appear to be opake, and exert its energy at 
fome diftance within. 

Beccaria, and afterwards Mr. Sennebier, 
have compared the efFe&s of light on ribbands 
of various colours ; but the differences they 
have obferved, are rather to be attributed to 
the nature of the . colouring matters, than to 
the colours, for a ribband dyed with brafil 
wood, will lofe its colour much fooner than 
one dyed with cochineal, though the (hade 
Ihould be perfe&ly the fame in both. 



Although 
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Although light greatly accelerates the com- 
buftion of colouring matter, and appears even 
neceflaiy to its deftru&ion in fome cafes, yet 
in others it is not required. Having put fome 
plants into a dark place, in contafi with vital 
air, I found that it was abforbed by fome. I 
alfo remarked that the rofe fuffers a change, 
and becomes of a deeper hue, when it is not 
in contafl with vital air ; doubtlefs, becaufe 
it contains a little oxygen, the combination 
of which becomes more intimate ; but many 
flowers retain their colour perfeftly in azotic 
gas. 

I placed tinfture of turnfole in contaft with 
vital air over mercury, both in the dark, and 
expofed to the light of the fun ; the former 
continued unchanged for a confiderable length 
of time, and the vital air had fuffered no di- 
minution ; the other, loft much of its colour, 
became red, and the air was in a great meafure 
abforbed, and a fmall quantity of carbonic 
acid was produced, which no doubt had oc- 
caiioned the change of colour from blue to 
red. 

This obfervation may lead us to form an 
idea of fome of the changes of colour, pro- 
duced by a particular difpofition of the com- 
ponent principles of vegetable fubftances, when 

3 h Y 
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by their combination with oxygen, they un-i 
dergo the effe&s of a flight combuftion, which 
may generate an acid, as in the leaves in 
autumn, which grow red, before they become 
yellow, and in the Breaks (panachures) ob- 
fervable in flowers, the vegetation of which 
is growing languid. 

It is therefore proved, that light promotes • 
the abforption of oxygen by the colouring 
matter, and that thence arifes a combuftion, 
the common effeft of which is, the predomi- 
nance of carbonic particles. 

To the fame caufe, is alfo to be attributed 
the injury which fluffs themfelves are found to 
fuffer, from the a&ion of light. " Among 

* feveral examples whkh I might give, fays 
u Dufay, I fhall adduce only <me, of a curtain 
w of crimfon taffeta, which had remained drawn 
u in a window for a great length of time ; ail 
€€ the parts which were oppofite to the pane* 
fC of glafs, had entirely loft their colour, while 

* thofe which were behind the wood of the 

* cafement, were much lefs faded ; and further, 
" the filk itfelf was almoft entirely deftroyed 
** in the parts without colour, where the cur- 
€C tain might be torn by the flighteft effbut, 
fC while in the other parts, it retained nearly 

* *he vrfual degree of ftrength 

* Mem. de l'acad. 1737. 

Here 
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Here an apparent contradiftion occuft. The 
aftion of the fun's light produces colours fn 
vegetables ; it extricates oxygen from the nitric 
and oxygenated muriatic acids, from fome 
metallic oxyds, and from plants in a Rate of 
vegetation : in thefe inftances, its aftion feems 
to be the reverfe of Combuftion ; but when it 
Contributes to the deftru&ion of colour, it 
ferves to fix oxygen, and produces a kind of 
Combuftion. In like manner, phofphorus is 
not affe&ed by the oxygenated muriatic acid, 
even aflifted by heat, while iii the dark ; but 
when the aflion of light concurs, it is converted 
into phofphoric acid h . 

I am unacquainted with the circumftances, 
and the attra&ions, which determine fometimes 
the produftion of one effeft, fometimes that of 
the othA", but both of them are equally demon- 
ftrated. They feem to bear a refemblance to 
double eleftive attraftions. It is very certain 
that calcareous earth yields the fulphuric acid 
to pot-alh, but yet that calcareous earth is 
capable of expelling the pot-afh, by means of 
a double eleftive attraftion. 

There are befides in nature a great many 
phenomena of the fame kind ; thus, during 

k Mem. fur l'acide marin depblogiftique. 1785. 
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the vinous fermentation, hydrogen is accumu- 
lated in the liquor, but by a continence g{ 
the fame procefs, the proportion of hydrogen 
is diminifhed ; it unites with the oxygen, which 
becomes predominant, as foon as the fermen- 
tation lias advanced to the acid flage. The 
putrefaction too, which takes place in animal 
fubftances, mvy be confidered as the reverfe 
of the phenomena of growth and nutrition. 

Colouring fubftances therefore refill the 
afiion of the air more or lefs, according as 
they are more or lefs difpofed to unite with 
oxygen, and thereby to fuffer more or lefs 
quickly, a fmaller or greater degree of com- 
bufiion. Light favours this effeft, which in 
many cafes, is not produced without its affift-* 
ance ; but the colouring matter in its feparate 
ftate* is much mo*e prone to this comVuftion, 
t|ian wheij united to a fubftance, fuch as alu* 
ipine, which may either defend it by its own 
power, of refitting cojnbuftion, or by attra&iog 
it ftrongly, , weaken its aftion on other fuh- 
fiances, vfhich is the chief effeft of mordants * 
and finally, this laft compound acquires ftUt 
grtater durability, when it is capable of com- 
bining intimately with the fluff. 

Thus the colouring matter of cochineal 
diffolves eafily in water, and its colour is 
2 quickly 
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quickly changed by the air ; but wh&* united 
to the oxyd of tin it becomes much brighter 
and almoft infoluble in water, though it is ftill 
eafily affe&ed by the air, and by oxygenated 
marine acid ; it refills the aftion of thefe better 
however, when it has formed a triple compound 
with a woollen fluff. 

It muft not be inferred from the above 
obfervations, that $11 yellow colours are owing 
to the carbonic part of the colouring fub- 
ftance ; very different compounds are capable 
of producing the fame colour ; thus, indigo is 
very different from the blue of our flowers, 
from that of oxyd of copper, and from that of 
pruffian blue. 

Nor do I alfert, that oxygen may not unke 
in a fmall proportion with fome colouring 
fubftances, without weakening their colour, or 
changing it to yellow. In the chapter on m« 
digo, it will appear, that it becomes green by 
uniting with an alkali, with lime or a metallic 
oxyd ; bat that it refumes its colour, arid quits 
thefe fubftances, when k recovers a fmall 
portion of the oxygen which k had loft. The 
liquor of the whelk employed to dye purpl^ 
is naturally yellowifh ; but when expofed to 
the air, and more efpecially to ths ftm, it 
quickly paffes through various fhades, and at 
H 2 length 
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length afluraes that colour fo precious in the 
eyes of the ancients *. 

It may even be confidered as a general faft, 
that colours become brighter by their union 
with a fmall portion of oxygen ; for this reafon, 
it is found neceffary to air fluffs, when they 
come out of the bath, and fometimes even to 
take them out of it from time to time, exprefsly 
for this purpofe ; but the quantity of oxygen, 
which thus becoming fixed, contributes to the 
brightnefs of the colour, is very inconfiderable 
in fome cafes, and the deterioration foon 
commences. 

The a&ion of the air affe&s not only the 
colouring matter and the ftuff, but alfo metallic 
oxyds, when they are employed as intermedes ; 
becaufe the oxyds, which have at firft been 
deprived of a part of their oxygen by the 
colouring particles, as will be Ihewn when we 
come to explain the a&ion of aftringents, may 
abforb it again. Thofe then, the colour of 
which varies according to their proportion of 
oxygen, have thereby an influence in changes 
of colour. It is doubtlefs to this caufe, that 

1 Decouverte d'une nouvclle teinture de pourprc &c. par 
Reaumur. Mem. de l'acad. 1711. According to Eudocia, 
the purple did not afiume its brilliancy nor arrive at pcrfec- \ 
tion, but by expofure to the rays of the fbiu 

we 
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we are to attribute the change obfervable in the 
blue given to wool, by fulphat of copper (blue 
vitriol) and logwood. This blue foon become? 
green by the a&ion of the air ; now it is well 
known, that copper which has a blue colour, 
when combined with a fmall proportion of 
oxygen* aflumes a green one, by its union 
with a larger quantity. The change which the 
colouring particles undergo, may indeed con- 
tribute to this efFeft ; but the colouring parti- 
cles of the logwood which have themfelves a 
dark colour, fhould rather become brown by 
combuftion, than grow yellow, which would 
he neceffary in order to produce a green with 
the blue. 

I have obferved, that colouring particles in 
a ftate of combination, were lefs difpofed to 
be changed by the aftion of the air, than in an 
uncombined ftate. This is commonly the cafe, 
but there are fome exceptions ; an alkali pro- 
duces a contrary effeft. 

I half filled' a matrafs with an infufion of 
cochineal, and expofed it to the light, over 
mercury ; a fimilar matrafs contained an in- 
fufion of cochineal made with a little tartar ; 
and in a third, I had added a fmall quantity of 
alkali to the infufion. The fecond matrafs 
appeared leaft altered in the fame fpace of 
H 3 time, 
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time, and in it, the abforption had been leaft 
confiderable. In the third, the colour of the 
liquor became firft brown, . and was then dif* 
charged, and the abforption of air, though 
inconfiderable, was greater than in the two 
others. I evaporated it ; it aflumed a brown 
colour, and left a yellowilh brown refiduum. 

I made fimilar experiments on many co- 
louring fubftances ; the alkali darkened their 
cplour, which grew more and more brown, 
^nd promoted the abforption of air. Madder 
feemed to be the only exception to this rule ; 
its colour, which became darker at firft, flood 
better, than that of the infufion made without 
alkali. 

The common efFeft of alkalis on the colour- 
ing particles, is confonant to that which it 
produces on many other fubftances^ fuch as 
fulphur ; it favours the abforption of air be- 
caufe it has a ftong attraction, for the fubfiance 
which is the refult of that abforption. 

From this effeft of alkalis I explain a fa6fc 
obferved by Mr. Becker k ; that a vegetable 
infufion rendered green by an alkali, becomes 
gradually yellow, if left expofed to the air, 
and that when the yellow i$ completely formed 
(etablij acids cannot reftore the original colour : 

* Speciwn, &c 9 

but 
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but that this is not the cafe, when a vegetable 
colour reddened by means of an acid, has been 
kept in like maiirier for fome time. We muft 
however except thofe inftaftces in which acids 
have been employed, which aft by giving off 
their oxygefi in a way we lhall prefently fefe, 
for then, the colour is likewife deftroyed. 

CHAP. IV. 

Of the Tellow Colour produced in Animal Sut* 
fiances by the Nitric and oxygenated Muriatic 



muriatic acids, upon animal fubftancea, 
has fuch a connexion with the preceding fub- 
jeft, that I thought it improper to place them 
far afunder, though the yellow colour they 
produce in wool, and more efpecially in filk, 
might merit a place among the proceffes of the 
art. 

Mr. Brunwifer * having obferved that wood 

» Vcrfuche mit mineralifchen faucrn geiftern, aufden 
holzen farbcn zu ziehcn, 1770, in abhandlungen der Baierif- 
chen akademie* 
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affumed different colours by expofure to the air, 
endeavoured to afcertain whence thofe colours 
proceeded, and to produce them artificially : 
he obferved, that by moiftening the furface of 
wood with nitric acid, particularly that of 
ypung wood not yet quite dry, it affumed a 
yellow colour, and that by performing the 
fame operation, with the muriatic and ful- 
phuric acids, it affumed a violet colour, which 
he confidered as compofed of a blue and a 
red. 

From thefe obfervations he concludes, that, 
as all colours are produced by a mixture of 
yellow, blue, and red, all thbfe which are ob- 
ferved in the leaves, fruits, and flowers, are 
owing to the colouring particles which exift in 
the wood, and are there difguifed by an alkali ; 
that the mineral acids, by taking up this alkali, 
fet the colouring particles at liberty, and that 
the fixed air, by penetrating the leaves, fruits^ 
and flowers, produce naturally the fame effeft, 
by combining with the alkali which kept them 
difguifed. The author has endeavoured to 
apply his experiments, and pretended difcovery, 
to the arts b . Having moiftened pieces of 

k Ejitdeckung verfchiedener vegitabijifchen farbemateri- 
alien, feiden und wollpn zengc fchon und dauerhaft gelb zu 
ferben 1771, 

wood 
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wood with nitric acid, he poured water upon 
them, filtered the liquor, and employed it to 
dye fluffs of wool, filk, and goats hair, of a 
durable yellow, which, in his opinion, is pro- 
duced by the yellow colouring particles con- 
tained in the wood, and extracted, or dis- 
engaged by the nitric acid. 

De la Folie c relates that, having immerfed 
a fkein of white filk in nitric acid, or aqua 
fortis of the ftrength it is generally met with 
in commerce, the filk in three or four minutes 
aflumed a fine jonquille yellow. He wafhed it 
feveral times in water, that it might not be 
affefted by any adhering acid ; the colour fuf- 
tained feveral trials to which he fubmitted it t 
and the filk preferved its luftre unimpaired. 
If it be dipped into an alkaline foliation it af- 
fumes a fine orange colour. 

We find feveral experiments on this procefs, 
in a differtation by Mr. Gmelin d , who fays 
that he has given a fine brimftone colour to 
filk, by keepipg it for. the fpace of a day in 
cold nitric acid, or fome hours only, when 
the acid was warm. Boiling with foap and 

c Journal de Phyf. t. iv. pag. 349. 

* T. Fricder. Gmelin prof. Gotting. de tingendo per nitri 
acidum, five nudum, five terra aut metallo faturatum ferico, 
Erfurti 1785, 

water 
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am*iijuik*t tHe fcrightnefs of tbis colour. 
!t cta*K»t ccr a fine lemon colour, by be- 
-ft* fctjpc -Of ^etw boors in an alkaline folu^ 
aoa* utu it afftnmed a fine gold colour when 
jwr tbiuctoit was employed hot. 

Ail fohxtions of metals in nitric acid com- 
municated a more or lefs deep yellow to filk, 
as did alfo the folutiort of alurtiine in the fame 
acid; but thofe of calcareous earth and mag- 
nefia produced no effeft. 

According to la Folie e , folution of tin 
mixed with a folution of gold, gives a purple, 
which fixes on filk ; but Mf . Gmelin obtained 
in this way, only common yellow. Mr. Gmelirr 
alfo fhews, that the different yellows, which Mf. 
Strove had faid were obtained by different 
metallic folutions f , depend only on the acid 
they contain. The only exception, perhaps, 
occurs in the cafe of mercury, the foltrtiofr of 
tfhicft gives filk a dopper coloiir. 

Bergman was acquainted with this procefs, 
when he publifhed his notes on Scheffer's 
ffeatife f : He fays that common aqua fortis 
gives wool and filk a clear, beautiful, and 

« Journ. dc Phyf. t. Viii. 

r Bernerichcs magazin der natufhunft uftd WiiTeilfchaften, 
vol. i. 

I Eflai fur Tart dc la Teinturt. 

durable 
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durable ydlow, in three ofr four minutes ; 
that they ought to be wafhed immediately, and 
that tlie more the acid is dephlogifticated> the 
greater is the effeft produced. 

In my earlieft experiments on oxygenated 
muriatic acid, I found that it alfo had the pro- 
petty of tinging animal fubftances yellow ; but 
it does not give them nearly fo deep a colour 
as the nitric acid does* and it weakens them 
much more than that acid properly diluted; 
fo that for the purpofes of art, the nitric acid 
is greatly preferable. 

To recapitulate thefe obfervations then, the 
nitric acid diluted with a certain quantity of 
water gives filk a yellow colour, which is rtiore 
or lefs deep, according to the concentration 
of the acid, its temperature, and the time of 
immerfion; the filk muft be carefully wafhed 
as foon as taken out of the acid : this colour 
poffeJTes confiderable brightnefs; it may be 
made deep without fenfibly weakening the filk, 
fo that this procefs may prove of real utility. 
The colour may be modified by alkalis. 

The folutions of calcareous earth and mag- 
nefia produce no effeft upon filk, becaufe they 
do not contain an excefs of acid ; the; folution 
of alumine and of all metallic fubftances, on the 
.contrary, produce a more or lefs deep yellow, 

becaufe 
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becaufe they all contain more or lefs excefs of 
acid, which ads upon the filk, like uncom- 
bined acid ; it was alfo the acid alone, which 
dyed the animal fubftances yellow in Mr. Brun- 
wifer's experiments, and not the matter ex- 
tracted from the wood. 

The yellow colour in thefe cafes, is not 
owing to iron, as de la Folie fuppofed; for 
the pureft nitric acid, which confequently con- 
tains no iron, produces it, as well as that, in 
which the prefence of that metal might be 
fiifpe&ed. 

If filk be put into concentrated nitric acid, 
it quickly affumes a deep yellow colour, lofes 
its cohefion, and is diflblved; during this 
folution, the azot (phlogifticated air) which 
enters into the compofition of animal fub- 
ftances, is extricated, with a long continued 
effervefcence h : if heat be applied, it expels 
much nitrous gas, and the liquor immediately 
acquires a deep colour and grows brown. At 
this time> the oxygen of the nitric acid cer- 
tainly combines with the hydrogen, which 
abounds in animal fubftances, forming the oil 
which is obtained from them by diftillation, 
and which renders them fo inflammable. When 



h Mem. de Pacad. 1785, 

the 
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the acid begins to aft and to render the (ilk 
yellow, the fame effeQ: fliould alfo begin to 
take place. I therefore fuppofe that the yellow 
colour arifes from a commencement of com- 
bullion, as explained in the preceding chapter- 
This combuftion being very flight, does not 
fenfibly weaken the filk ; but if the acid is 
a little too ftrong, or the immerfion too long 
continued, or if the whole of it is not carried 
off by careful wafliing, the filk immediately 
becomes weak, and in. vulgar language, which 
is here quite accurate, it is burnt. 

We therefore now fee, why, as Bergman ob- 
fcrved, the nitric acid which he called dephlo- 
gifticated, is preferable in this operation, to that 
which is faturated.with nitrous gas ; for in the 
former, the proportion of oxygen being greater, 
it is thence better fitted for producing the ef- 
fects of combuftion, until it is reduced to the 
ftate of nitrous acid. 

The fame explanation ought doubtlefs to 
apply to the aftion of the oxygenated muri- 
atic acid, on animal fubftances ; it differs how- 
ever in fome effential circumftances, fome of 
which I do not yet underftanc^ and which re- 
quire a greater number of obfervations. 

Silk takes a yellow which is much lighter, ; 
when the oxygenated muriatic acid is employed, 

than 
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than when the nitric acid is ufed 2 the fulphu- 
reous acid discharges it in a great ; meafure, 
twt has tto efFeft on the yellow produced by 
the dilute nitric acid. The oxygenated muri- 
atic acid has however* a much ftronger aftion 
©n the filk; it foon weakens, and even dif- 
folves it : if the filk be left for fome time in 
this fluid, the yellow which at firft appeared 
grows lighter ; in conformity to what I have 
remarked, that oxygen by being accumulated, 
i$ Capable of difguifihg the yellow colour occa- 
fioned by the corobuftion, which it had at firft 
produced. 

. I have endeavoured to explain 1 1 the cffe&sf 
which fulphureous acid produce^ on colours,. 
by the facility with which it gives off ks oxygen, 
a&4 have compared them to thofe of the oxy- 
genated muriatic acid ; but although it is true/ 
that oxygen -adheres much more weakly ta 
the fulphureous, than to the fttfphttfk acid, 
I do not believe that that explanation is well 
founded. - 

According to the .obfervation of ia Folk k , 
rofes whitened by the vapour of burhing ftii- 
phur, become gifcen in an alkaline lixivium* 

f Suite des exper. fur l'acide fulfureux. Ann. dc Ghy/n, 
* Jdirn. dc PhyG 1774* 

and 
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and red in acids ; I have myfelf obferved, that 
the fulphureous acid reddened the tinfture of 
turnfole, which has a very fading colour, and 
that it afled only like other acids on infufions 
of fuftic, brazil wood, and logwood.. I haVe 
further obferved, that filk which has been ex- 
pofed to the vapour of fulphur, exhaled the 
fmell of fulphureous acid, when moiftened with 
fulphuric acid, although that odour was not 
before perceptible, 

I conceive then, that the fulphureous acid 
commonly unites with the colouring particles, 
and with the filk, without giving off its oxy- 
gen to them, and confequently, without pro- 
ducing any combuftion; that tHe produft of 
that combination fometimes lofes its colour 
entirety, which is probably owing to the femi- 
elaftic ftate of the oxygen; but fometimes 
combuftion may, and even commonly fhould 
take place by degrees, fo that the colouring 
particles, which have long been drfguifed, 
ought at laft to leave a yellow colour. This 
point feems capable of being eafily cleared up 
by a few experiments. 
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CHAP. V. 

^ Jtm^mu tM gntral 9 and particularly of the 
Gall-nut. 

* >TRIXGENTS merit particular atten- 
tion, not only from their great ufe in 
iyeing^ but becaufe they poffefs a property 
which is common to a great number of vege- 
tables. 

There is perhaps no property of vegetables, 
relpefting which, we have been contented with 
fiuch vague ideas : frequently fome flight re- 
femblance in tafte only has been attended to, 
and under the name of aftringents, alum, and 
many vegetables of very different properties 
have been confounded together, both in medi- 
cine and in the arts: moft frequently every 
fubftance which renders a folution of iron 
black, has been confidered as aftringent ; it is 
fuppofcd that this effefl is owing to one iden- 
tical principle exifting in all the fubftances. 
which produce it, and the title aftringent or 
ftCcrb, has been bcftowed on that principle, and 
It U at prefent confidered as a particular acid, 
to which* the name of gallic acid has been 

given, 
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given, from galls or the gall-nut, in which it 
has been found. 

Many learned chemifts however, have lately 
made a great number of interefting obferva- 
tions on aftringents ; of thefe I {hall give an 
abftraft, but as the gall-nut has been the com- 
mon fubjeft of thefe obfervations, it ought 
firft to be defcribed. 

The gall-nut is an excrefcence found on the 
young branches of the oak, efpecially of that kind 
called rouvre, which grows in the Levant, 
Iftria, Provence, and Gafcony. This excre- 
fcence is produced by the pun&ure of an in- 
feft, which depofits its eggs in the fmall incifion, 
which it makes in the fpring; the fap which 
efcapes by this opening, grows thick, increafes 
in quantity, and ferves as a defence for the 
young^infeft, until it is able to make its efcape; 
when there is no hole in the nut, the infeQ: is 
found dead within; fometimes after it has 
quitted its abode other infe&s come to occupy 
it. 

Thdre are different kinds of the gall-nut; 
fome inclining to white, yellow, green, brown, 
or red; others are afti-coloured or blackilh; 
they alfo differ greatly in magnitude, and "are 
either round or irregular, heavy or light, fmooth 
or covered with protuberances: thofe which 

Vol. I. I are 
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arc fmall, blackifh, knotted, and heavy, are the 
beft ; they are known by the name of Aleppo 
galls, and come from Aleppo, Tripoli, and 
Smyrna. 

Galls are aimoft totally foluble in water by 
long ebullition, Cxteen drams afforded Neu- 
man fourteen of extraft; from the remain- 
ing two drams, alcohol extrafted only four 
grains. 

The fame quantity treated firft with alcohol, 
and then with water, afforded twelve drams 
and two fcruples of fpirituous extraQ, and 
four fcruples of watery extraft ; the refiduum 
weighed half a fcruple more than in the pre- 
ceding experiment. The fpirituous extraft has 
a more ftrong and difagreeable tafte than the 
other \ 

Mr. Monnet, to whom chemiftry is indebted 
for a great number of important obferva- 
tions h , confiders Macquer as the firft, who 
afcribed the formation of ink to a precipitation 
of iron, by the aftringent principle, and he 
himfelf gives the theory of it; he fuppofes 
that the iron has a greater attraction for this 
principle, than for the acid with which it was 

m The chemical works of Cafpar Neuman, &c. by Wil- 
liam Lewis. 
h Trait? des eaux minerales, pag, 304. 

united ; 
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united; but the aeid diffolves a part of this pre- 
cipitate, unlefs it be largely diluted with water. 

Iron is not the only metallic fubftance which 
may be precipitated from its menftruum by the 
aftringent principle ; Mr. Monnet has obferved, 
that" gold, filver, copper, zinc> cobalt, platina, 
and mercury, were ^lfo precipitated. 

The metallic fubftance moft eafily precipitated 
is mercury; its folutiori, mixed with an infufion 
of galls, aflunles a brick colour, but the preci- 
pitate which is formed, foon becomes of a red- 
difh gray. 

Copper is precipitated pretty eafily ; the pre- 
cipitate is at firft green, but becomes of an a(h 
gray, and acquires a reddifti coppery tinge in 
drying. 

Zinc forms a dirty green precipitate* 

The precipitate from cobalt is of a light 
blue : but does not long retain that colour, be- 
coming foon of an afti gray. 

Silver is precipitated very flowly ; the pre- 
cipitate which has at firft the colour of roafted 
coffee, afTuirtes a fliining filvery brightnefs, as 
it dries on the filter. 

Gold alfo falls down, only infenfibly ; the 
precipitate collected and dried* perfe&ly re- 
fembles that of Caflius. Mr, Monnet col- 
lected on a filter the precipitate of iron by 

I 2 the 
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the aftringent principle, it was found to be of a 
fine deep blue ; and that chemift is of opinion, 
that it might be advantageoufly employed in 
painting. He endeavoured to diffolve it in the 
nitric and fulphuric acids; they attacked it but 
flowly : haying accelerated their aftion by heat, 
he obtained by filtration, fine yellow tin&ures 
(particularly from the nitric acid) which re- 
fembled a folution of gold. Thefe liquors let 
fall no precipitate, but remained always clear 
and tranfparent ; alkalis occafioned no precipi- 
tation in them, but only rendered' their colour 
deeper. Mr. Monnet was led, by obferving 
this, to diffolve the precipitate immediately in 
a folution of fixed alkali, in which he made it 
boil ; a blood red folution was produced, in 
which water occafioned no precipitation. To 
thefe fa&s, the academicians of Dijon have added 
many interefting obfervations c . 

The gall-nut yields, by diftillation, a limpid 
phlegm, which becomes brown by degrees, then 
a yellow oil, and afterwards one that is more 
dark coloured and empyreumatic. All thefe 
liquors precipitate fulphat of iron or vitriol of a 
black colour, the coaly refiduum retains no 
diftinfit properties; it grows red in the fire 
without being reduced to afties. Water even 

c Elem. de Chym. 

in 
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in the cold, diflblves the aftringent principle; 
an ounce of galb yielded in this way three 
drams of extraft, which was very ftyptic, and 
jiot deliquefcent. 

Fixed and volatile oils and ether, diffolve 
theaftrmgeht principle. 

irifbfion of galls reddens blue paper, and 
tin&nre of turafole d ; but it has no effed on 
fyrop of violets. 

Sulphuric acid acquires a red colour from 
galls; the nitric,: an amber colour; and the 
muriatic acid becomes brown ; thefe three acids 
when fattorated whh an alkali, precipitate fulphat 
dfitorc block. 

The acetous acid, loaded with the aftringent 
principle, doer not require the addition of an 
alkali to prodteee this black precipitate. 

Phofphoric acid produces no change- in the 
infufion of galls, but this mixture renders the 
folution of fulphiat of iron turbid, and produces 
a white precipitate. 

SuTphuret of alkali (alkaline liver of fulphur) 
is decompofed by the infufion of galls ; and 
upon filtering the liquor, that which paffes, pre- 
cipitates iron black, but the refiduum does not ; 
the liquor appears to be a compound of alkati 
and the aftringent principle. 

* I alfo found that this infufion reddeatd dvtt of radifhe* 
I 3 ^ Carbonat 
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Carbonat of fixed alkali (miM fixed alk.) pro- 
duces a reddifh colour in the infufion of galls ; 
this mixture forms a brown ^precipitate with fiiK 
phatofiron. 

Cauftic alkali tinges the infufion of galls of 
a dark red, and then precipitates the fulphat of 
iron black ; this precipitate, when well wafhed, 
is not attra&edby the n,agriet;4tdiffolves wkhr 
out efFervefcence in the mineral acids, but is 
not a&ed upon by the acetous acid. 

A mixture of pruffiat of alkali, and tin&ure 
or alcohol of galls, produces a Hack precipitate 
with the folution of iron fiilphuric acid at firft 
increafes the intenfity of the colour, 'and af- 
terwards deftroys it. . r 

The fame work contains a -great 1 number of 
other obfervations upon the metallic .precipi* 
tates produced by the aftrmgent principle. Galls 
produce no effeft on the folutions of arfenic, 
and the addition of this oxyd to the infufion pf v 
galls, does not prevent its a&ion oh iron. The 
aftringent principle forms ink with all acid fo- 
lutions of iron, exfcept thofe in the phofphoric 
and arfenical acids. 

Finally, we find in it fome experiments on 
ink, and on the fediment it yields, by large dir 
lution with water. The acetous acid does not 
decompofe ink, but the mineral acids quickly 
difcharge its colour, th? addition of fulphuric 

?cicj 
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acid produces heat, without effervefcence ; the- 
liquor becomes yellow, and depofits a grayiftr 
fediment. Alkalis reftore the colour which the 
acids have difcharged ; but, by frequent al tenia-, 
tion of the a&ion of acids and alkalis, the co- 
louringprinciple is at length deftroyed. 

The fame academicians have alfo obferved 
another circumftance, which may be found to 
be of importance, and to which it appears, that 
Mr. Delaval has paid more attention; it refpefts 
the a&ion of galls on iron. Their infufion im- 
parts a violet tinge to filings of iron in the cold ; 
but, by ebullition, part of the iron is diffolved, 
and the liquor aflumes a violet colour ftrongly 
inclining to black. 

Mr. Delaval* fays, that he had long ago ob- 
ferved, that galls limply infufed in diftilled water, 
diffolved iron very readily ; that he had pro- 
duced with this fimple folution, not only the 
deepeft black and the moft indelible ink, but 
alfo, that having immerfed in it filk and woollen 
fluffs; he had, without the addition of any acid* 
dyed them of the deepeft and moft indeftruftible 
black. 

Dr. Prieftley obtained inflammable air, or 
hydrogenous gas, from a mixture of filings of 

c Experimental inquiry. 

I 4 iron, 
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iron, powdered galls and water f . This proves 
that galls aft upon iron, like thofe acids which 
favour the decompofition of water, and difen- 
gage its hydrogenous gas. 

Before Mr. Monnet afcertained the manner 
in which the aftringent principle a&s upon iron, 
and produces black colouring particles, capable 
of precipitation, Lewis had made fome im- 
portant obfervations on this combination*, and 
had endeavoured more particularly to render it 
ufeful in the arts. 

He obferves, that if we dilute common ink 
with a fufficient quantity of w^ter, the black part 
precipitates, and the liquor remains clear; he 
remarks that it is this black part, which, fixing 
in fluffs, produces colour in them. He endea- 
vours afterwards to determine the fitted propor- 
tion of the aftringent, and folution of iron, both 
with a view to the quantity and quality of the 
black precipitate. 

The experiments of Scheele have fo great an 
influence on the opinion formed refpe&ing the 
nature of the aftringent principle, that I (ball 
relate them as delivered by himfelf \ 

f Obfervations on different branches of natural philofophy, 
vol. ii. page 131. Of the new edition in 3 vols, 8vo. Bir- 
mingham, 1 790, page 194. T. 

s Philpfophical commerce of arts, vol.ii. page 227. 

* Journal dephyf. janneir 1787, 

" I paffed 



ART OF DYEING. 83 

€< I paffed through a coarfe fieve a pound of 
powdered galls, which I infufed in a kanne 
(two pints and three quarters French, nearly thr^e 
quarts englifli) of pure wate* in a glafs receiver, 
for four da^s, during which time it was fre- 
quently ftirred with a glafs rod ; I then filtered 
the liquor 8 , which was clear and of the colour 
of frenehwine, I left it expofed to the open air in 
the fame glafe velfel, with no other covering than 
a piece of gray paper; this was done in the month 
of June. A month after, I examined the infuiion, 
and found it covered with a thick mouldy pel- 
lick ; no precipitation had taken place, its tafte 
was not more aftringent than before, but more 
acid : I returned it into the fame veflel, covered 
with paper as before. Five weeks after, I exa- 
mined it again ; the half of it had evaporated : 
I found in it a precipitate, two fingers breadth in 
depth; and above, a mucous pellicle; it had 
loft its ftyptic tafte entirely, but ftill made vitriol 
of iron Mack. I filtered it, and expofed it again 
to the open air; the following autumn, it was 
found, that the greateft part of it had evapo- 
rated; but what remained, was mixed with a 
confiderable quantity of precipitate. I mixed 

1 «« If we employ hot water, or digeft the mixture with 
heat, the fluid is not clear, which determined me to employ 
cold waiter, and mfufion in the cold," 

all 
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all the precipitates together, and added cold 
water; after they had fettled, I decanted the 
water,, and poured on as much hot water as was 
neceflary for their folution : I filtered the whole ; 
the liquor was of a yellowifh bro.wn colour ; 
I evaporated it with a gentle heat; during the 
evaporation, fome part of it was precipitated 
like fine fand, and another part formed radiated 
cryftals at the bottom \ this fait was gray, and 
notwithftanding repeated folutions and cryftal- 
lizations, I could not make it any whiter. 
The fait of galls has the following properties : 

1 . Its tafte is acid, it effervefces with chalk, 
and reddens the infufion of turnfole. 

2. It requires an ounce and a half of boiling 
water for the complete folution of half an ounce 
of the fait; but as foon as the folution cools, 
the whole forms a concrete mafs compofed of 
fmall cryftals; half an ounce requires twelve 
ounces of cold water for its folution. 

3. It diffolves very readily in fpirit of wine ; 
for half an ounce of the fait, only half an ounce 
of boiling fpirit of wine is required ; but if cold 
fpirit of wine be employed, two ounces are ne- 
celTary to half an ounce of the fait. 

4. Expofed to the naked fire in a crucible, 
it takes fire readily and melts, exhaling an 
agreeable odour, but leaves a coal which is 

difficultly 
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difficultly reduced to afhes ; diftilled in a retort, 
it firft becomes fluid, yielding an acid phlegm j 
no oil comes over, but at laft a white fublimate 
rifes, which adheres to the neck of the retort, 
and remains fluid while it continues hot, but 
afterwards cryftallizes ; a confiderable quantity 
of charcoal remains in the retort. This fubli- 
mate, as to its fmell and tafte, nearly refembles 
the benzoic acid, or fait of benzoin ; it is fo* 
luble both in fpirit of wine and water, it red- 
dens the infufion of turnfole, and what is re- 
markable, it precipitates metallic folutions of 
different colours, and vitriol of iron black. 

5. A folution of the fait of galls poured into 
a folution of gold, renders it of a dull green 
colour, and at length precipitates a powder, 
which is revived gold. 

6. The folution of filver becomes brown, 
and depofits, when heated, a gray powder, which 
is revived filver. 

7. The folution of mercury is precipitated 
of a deep yellow. 

8. The folution of copper affords a brown 
precipitate. 

9. The folution of vitriol of iron becomes 
black ; the more the water is loaded with it, the 
peeper is the colour., 

\o. Lea4 
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ia Lead Aiffolved in vinegar, is precipitated 
white- 

11. Bifmuth affords a lemon-coloured pre- 
cipitate. 

12.. The molybdic acid becomes of an 
obfcure yellow, but no precipitation takes 
place. 

13. Platina, zinc, arfenical acid, tin, cobalt, 
and manganefe, fuffer no change. 

14. Solutions of lime, magnefia, alumine, 
and barytes, are not decompofed; b«t lime 
water affords an abundant gray precipitate. 

1 5. The fait of galls is changed into facchaU 
rine acid, by diftillation with nitrous acid in the 
ordinary way. 

The white precipitate obtained from acetated 
lead by galls, may again be decompofed by the 
vitriolic acid, and the fait of galls is obtained 
in its greateft purity : now, as infufion of galls 
precipitates acetated lead, I thought this fait 
might be procured ina ftill more expeditious way ; 
but I did not fucceed, for when I had decom- 
pofed that precipitate by means of the vitriolic 
acid, I recovered my infufion of galls with its 
ordinary aftringent tafte. 

If galls be diftilled with a ftrong heat, we 
obtain an acidulous phlegm of by no means a 
difagreeable fmell ; no oil comes over, but at 
3 v length 
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length a volatile fait arifes, like that obtained in 
the diftillation of the fait of galls (No. 5) and 
which has the fame properties. Hence it ap- 
pears, that this fait exifts ready formed in the 
infufion of galls, though it cannot be obtained 
by the ordinary mode of cryftallization, for it 
is fo intimately united with fome mucilaginous 
principle or other matter, that it cannot be fe- 
parated, without an internal commotion or 
fermentation/' 

Thefe experiments of Scheele have led mod 
chertifts, to confider the gallic acid as the 
aftringent principle, and to conclude, that it 
exifts in all vegetable fubftances which preci- 
pitate the folutions of iron black, and that this 
precipitate is a compound of the gallic acid and 
the iron, which quits the other acids to unite 
with it. 

I have repeated and varied Scheele's experi- 
ments on galls, and have obferved, 

1. That when the procefs indicated by that 
great chemift was employed, greenilh pellicles 
were formed in fucceflion, owing to a byflus 
which could not be produced in a veffel clofely 
Hopped. 

2. That ii\fuch a veffel, where no evapo- 
ration could take place, pure, tranfparent, and 
yellow cryftals were depofited in winter, without 

the 
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the influence of the external air ; that tonfe- 
quently the gallic acid exifted in the gall-nut, 
and was not owing to the abforption of oxygen, 
as I had fuppofed k . 

3. That if the liquor was evaporated to one 
half before being enclofed in the veffel, it ac- 
quired a dark colour during evaporation,, and 
depofited afterwards a much larger quantity of 
cryftals, but lefs pure and of a darker colour. 

4. That the acid obtained in this manner, 
or by Scheele's procefs, and afterwards diffolved 
in water, was always decompofed by evapora- 
tion ; that black pellicles were feparated from 
it, that it grew brown by fimple expofure to the 
air, that after repeated operations, only a mafs 
of a confufed cryftallization was obtained, of a 
gray, yellowifh, or brownifh colour, and that 
if the evaporation was frequently repeated, the 
fait was even totally deftroyed. Heat, and par* 
ticularly ebullition, haften this deftru£lion ; this 
I conceive to be the true reafon why we do not 
obtain this fait, by evaporating the decoftion of 
galls; there then remains an extraft, which 
completely refembles that of galls, and which 
immediately precipitates Solutions of iron black. 

5. The folution of gallic acid affumed a fine 
green colour with alkalis, both fixed and volatile, 

k Ann* de Chym. torn, i. 

in 
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in their pure ftate, or combined with the car- 
bonic acid, and this colour becomes fo deep, as 
to appear black, if the folutions of gallic acid 
and alkali are in a very concentrated ftate: 
the gallic acid affumed a reddifti brown colour 
with lime water; the red tinge difappeared, 
and a copious fediment of a gray colour in- 
clining to brown, was produced. 

I obferved no effervefcence in the mixture 
of gallic acid with alkaline carbonats, nor 
with thofe of lime, or magnefia; though this 
fubftance reddens tin&ure of turnfole, of ra- 
difhes, &c. like acids. 

6. The infufion of common galls produces 
the fame efFeft on vegetable colours, that the 
gallic acid does, but the infufion of white galls 
has no a£tion on them. 

Paper ftained with turnfole was not afFe&ed 
by infufion of fumach, of floe or walnut-tree 
bark, or quinquina. 

Having made four fucceflive deco&ions of 
galls, which had previoufly been treated in the 
manner recommended by Scheele, the two laft 
did not redden paper ftained with turnfole, 
though they ftill precipitated iron copioufly 
from its folutions. From thefe two laft decoc- 
tions I obtained no marks of gallic acid by 
fpontanepus evaporation. 

7. A 
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7. A folution of fulphat of iron, mixed 
with a folution of gallic acid reduced to as 
great a degree of purity as poffible, does not 
grow turbid immediately, nor alTume any par- 
ticular colour; it only becomes black by de- 
grees, without lofing its tranfparency, or at 
leaft, it does not begin to lofe it for fome 
hours : a fmall quantity of the infufion of galls 
inftantly produces a much more intenfe colour 
and greater opacity. 

Thefe observations indifputably prove, that 
it is not the gallic acid, which communicates 
the aftringent property to the fubftances that 
pofTefs it; that the acid itfelf pofTefTes that 
property, in a degree inferior to other aftrin- 
gents; and indeed fumach, treated like the 
galls in Scheele's procefs, afforded me no gallic 
acid, though it polfelfes a high degree of aftrin- 
gency : walnut peels treated in the fame man- 
ner alfo afforded none. 

It appears that the property which the infu- 
fion of common galls has, of reddening cer- 
tain vegetable colours, proceeds only from the 
gallic acid; fince theinfufions of fumach, or of 
floe bark, which very readily produce a black 
precipitate, that of walnut-tree bark, or of 
quinquina, did not exhibit this property ; and 
thence it is evident, that the gallic acid does 

not 
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Hot exift in white gfcll$ ; though the infufioft 
of thefe expofed to the air, might eafily deceive 
us iji fhi$ refpeft, becQ.uk it depofits a copious 
fediment, which however is not gallic acid. 

If the aftringept property was Owing to an 
individual principle, which was always the 
fame, diftributed in different vegetables, the 
precipitates obtained by their me#ns, from a 
folution of iron, would always form the fame 
compounds, and exhibit the fame appearances 
and properties ; but it is quite otherwife : the 
precipitate pfoduqed by galls, is of a blptckilh 
blue, that by tog^ood, has a different fliade 
of blue ; that by i>ak is of a fawn colour Of 
blackijh brown ; that by quinquina a blackifh 
gneen ; they fall down with different attendant 
circujriftances, and when fixed on .ftuffs are 
difcharged by ajjfrri and tartar, fome much 
more eafily than others ; and doubtlefs by 
multiplying experiments, many other remark- 
able differences will be difcovered in the pro- 
perties of thefe different precipitates. Aftrin- 
gents then form with iron different fpecies of 
compounds, and consequently, do not derive 
their, properties from one individual principle 
Found in different vegetables ; but there muft 
be a property common to different fubftances, 
tg enable them to aQ: in an uniform manner 
. Vol. I. K oa 
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on folutions of iron, and to produce precipi- 
tates which are more or lefs black, and appear 
of the fame nature when not attentively con* 
fidered. 

I have obferved, when inveftigating the ef- 
fefts of mordants, that the metallic oxyds which 
unite with the colouring particles, modify their 
colours; but fome metallic oxyds, and par- 
ticularly that of iron, have colours which vary 
according to the quantity of oxygen they con- 
tain* Iron when united with only a fmall quan- 
tity of oxygen, has a black colour, and forms 
what is called martial etbiops. If any fubftance 
by uniting with the oxyd of iron, had the pro- 
perty of taking from it a part of the oxygen 
which it has, when precipitated from its folu- 
tion in an acid, this would be fufficient to give 
it a black colour; and if the peculiar colour 
of this fubftance was not predominant, or was 
-of itfelf inclining to black, the compound 
-formed would have a black colour, thus nitrous 
-gas, either uncombined or weakly attached to 
the nitrous acid, renders folutions of iron black, 
as I have fhewn and even precipitates the 
metal, by taking away part of its oxygen. 

It 

1 Mem. dc I'acad. 1785, p. 338. The caufe of the pro- 
dufticm of black by the gallic acid, has not efcaped the faga- 
~- city 
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It is alfo by afting in the fame way, that 
ammoniac; is capable of producing a black 
precipitate with the folutions of iron ; the 
hydrogen of the ammoniac then forms wa- 
ter, with the oxygen feparated from the oxyd 
of iron. 

Now galls, according to the obfervations df 
Mr. Monnet and the academicians of Dijon, 
which have been already related, precipitate 
gold and filver from their folutions, by redu^ 
cing them to their metallic ftate. They therefore 
have the property of feparating the oxygen from 
thofe metals, to which it adheres but (lightly, 
and from others, that portion which is leaft 
ftrongly retained. 

The infufion of galls, of itfelf, quickly af- 
fumes a deep brown colour by expofure to the 
air; yet I have found that it abforbed but a 
fmall quantity of vital air. The infufion of 
fumach, and that of mod other vegetable fub- 
ftances, particularly woods and barks, likewife 
acquire a dark colour by expofure to the aif, 
fo that when afting upon the oxyd of iron by 
feparating a part of its oxygen, an aftringent 

dty of Mr. fourcroy, // tinges iron black, fays he, becaufe it 
brings it near to its metallic ftdte. El&x). dc Chym. t. pag. 

K a ought 
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ought itfelf to acquire a darker colour; which' 
fliould affift the black. v • . - m 

We fee then in what manner, various fub- 
ftances, which have in other rcfpe&s different 
properties > may produce Hack with folutioixs 
of iron. Among thefe fubftances, there ace 
fome which are real colouring particles, and 
employed as fuch, in dyeing ; for example, log- 
wood, and even moft kinds of colouring par- 
ticles, form brown or Hackifh precipitates 
with iron. Sometimes the aftringent effeft 
is not inftantaneous, but produced by degrees, 
and the colour of the precipitate is at firft 
Hght ; it grows deeper gradually, being dark- 
ened in proportion as the iron lofes its oxygen ; 
this is obfervable in the infufion of fuftic > 
which produces with the folution of iron, a 
yellow precipitate that grows brown by degrees^ 
and atjength becomes black. 

Although the property of precipitating folu- 
tions of iron black, does not indicate the-pre^ 
fence of the fame individual principle in the 
fubftances which poffefs iti yet theTe is ho 
inconvenience in calling it by; the name- of 
aftringent principle, provided we convey by 
that term, only a property which is commoa 
to a great number of fubftances, and which 
they -may poffefs in different degrees. 

The 
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Thfe aft ringent principle precipitates iron 
from almoft all acids : it appears from the 
experiments of the .Dijon academicians, that 
the acids of phofphorus and arfenic only, 
have a ftronger attra&ion than it has, for iron ; 
and phofphoric acid was known to have the 
property of feparating iron from the fulphuric 
acid; but all acids except the acetous, and 
probably fome other vegetable acids which 
have not been tried, redilTolve the precipitate, 
and make the colour difappear, until they are 
faturated with an alkali. We need not be fur* 
prifed, that the aftringent principle can unite 
with metallic oxyds without having the qualities 
of an acid, for animal fubftances, oils, evea 
alkalis, and lime, polfefs this property. 

It is the precipitate compofed of iron and 
the a&ringent principle, which by remaining 
fufpended in the liquor forms ink ; this fubjeft 
is fufficiently interefting in itfelf, and by its 
connexion with the black dye, to merit a ftiort 
digreffion. 

When a fmall quantity of a folution of iron 
is poured into an infufion of galls, the liquor 
at firft grows black at the points of contaft ; 
but the precipitate which has been formed, is 
rediflblved in the aftringent liquor, but by 
continuing to add enough of the folution of 
K 3 iron, 
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iron, the whole of the liquor grows black, and 
lofes its tranfparency : if in this ftate, it be 
very largely diluted with water, the precipitate 
falls down by degrees ; but the depofition goes 
on very (lowly, when only a fmall portion of 
folution of iron has been employed ; but on 
the contrary, it proceeds much more rapidly, 
if fo large a quantity of folution of iron has 
been added, that the . whole of the aftringent 
may enter into a ftate of combination, a fuper- 
abundance of fulphat of iron ftill further acce* 
lerates this effeft. 

Here we remark the fame phenomena that are 
obfervable in many other precipitations. The 
precipitate produced, is foluble to a certain 
degree in the aftringent liquor ; when the folu- 
tion is further advanced, a precipitation com- 
mences; but the precipitate ftill remains fuf. 
pended, until the'a&ion of the aftringent prin- 
ciple is fufficiently weakened by the addition 
of water: if .the iron be in fufficient quantity 
to exhauft the a&ion of the aftringent principle* 
the precipitate is not retained, and fells down 
much more quickly. 

The gum which is added to ink, oppofes the 
depofition of the colouring particles ; it ferves 
the purpofe, of applying a greater quantity of 
jhefe colouring particles on the fame ftrokc of 

the 
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the pen, and of hindering it from running, and 
defending it from the a&ion of the air. Ac- 
cording to Lewis, cherry or plumb-tree giim 
anfwers this purpofe, as well as gum arabic. 

The principles which I have laid down, ferve 
to explain many obfervations which Lewis has 
made on this fubjeft, the chief of which I fhali 
now mention. 

The ink which is made by Ample infufion, 
is pale and grows black only by keeping ; but 
if we wifli to produce a black ink immediately, 
we mult imitate the dyers, who boil their 
aftringents a long time in water, and then add 
fulphat of iron : firft, by boiling we diffolve 
much more of the aftringent principle : fe- 
condly, by adding fulphat of iron to the liquor 
while it is ftill very hot, we much more quickly 
obtain an effeft analogous to a flight combuf- 
tion, which takes place by the union of oxygen 
with the aftringent principle. 

Frefh ink, as well as newly dyed ftuffs, aU 
ways acquires a deeper black by expofure to the 
air ; the reafon of this feems to be, that the 
oxygen which galls are capable of feparating 
from the iron, is not fufficient to produce in 
them the degree of combuftion, requifite for 
making them contribute as much as poffible to 
blacknefs ; and that this combuftion is com- 
K 4 pleted 
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pleted by the oxygen which they attraft horn 
the atmofphere. 

The ink in which a large proportion of 
fulphat of iron has been emfftoyed, foon grows 
J>rown, by the a&ion of the fun and air, and at 
length becomes yellow, becaufe the iron which 
is not faturated with the aftringent principle 
continues ftrongly to attra£l the oxygen, and 
thereby lofes its black colour, acquiring one 
inclining more and more to yellow, while at 
the fame time the combuftioii of the aftringent 
principle goes on rapidly, particularly with 
fche affiftance of the light ; but the ink is much 
more durable, if the aftringent principle be in 
fufficient quantity. The beft ink according to 
Lewis, ds compofed of three parts of galls and 
pne of fulphat of iron. He found, that by 
xnoiftening wiitings which had grown brown 
or-yellpw, with infufion of galls, their colour 
was reftored. Dr. Blagden employed with 
fuccefs, pruffiat of alkali to reftore writings 
which age had rendered illegible 10 , and found 
it more ufeful than galls. 

Although chemifts have confidered the aftrin* 
gent principle as always the fame, experience 
had taught us, that all aftringent fubftances 
were not equally proper for producing a beau- 

m Jonrn. de Phyf. mars. 1788. 
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ART OF DYEING. 



99 



tiful and durable black ; it is of importance to 
ascertain which of them may be employed with 
fuccefs ; but it mull be obferved, that it 29 
very difficult to oftke comparative experiments 
on this fubjeft with perfeft accuracy, becaufe 
fome fubftances require much longer boiling 
than others to extrafit their aftringency ; be* 
eaufe a difference in their coarfenefs or fine* 
nefs, when fubjefted to ebullition, is fufficient 
to produce differences in the refults ; and 
becaufe the colouring parades have a greater 
pr lefs difpofition to combine with the fluff, 
according to the proportion of fulphat of iron 
which has been employed. 

It muft alio be obferved, that folutions of 
iron in different acids, may produce differ* 
pnces in the refults, according to the ftate of 
oxygenation of the iron in them, according 
as the proportion of that metal is greater or 
lefs, and according to the ftrong or weak 
£&ion f which the different acids when di fen- 
gaged, are capable of exerting on the newly 
formed compound. Finally, in the dyeing of 
a ftuff, its greater or lefs attra&ion for the 
colouring particles may alfo occafion differences 
in the refults. 

Lewis has obferved, that a deco&ion of 
jogwood employed, inftead of fimple water, 
2 1 for 
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for the infufion of galls, increafed the beauty 
of ink without rendering it paler ; fumach, 
floe tree, or pomegranate bark, pomegranate 
flowers, biftort, or tormentil root, and oak 
bark were not fo powerful as galls. In his 
experiments on dyeing, he found that fumach, 
oak bark, or the faw-duft of that wood, could 
not fupply the place of galls without being 
employed in much greater quantities. 

Mr. Beunie has publifhed a great number of 
interefting experiments n , the objeQ: of which 
was, to determine the bell procefs for giving 
cotton a durable black. He firft tried, what 
folution of iron gave the fineft black to galled 
cotton ; he afterwards combined different folu- 
lions, and examined the durability of the 
blacks which he produced ; and made the 
fame experiments on galled cotton, with other 
metals and femimetals ; he employed in like 
manner, a great number of aftringents, and 
tried with them cotton which had received 
different preparations. The proceffes to which 
thefe numerous experiments have led, will be 
found in that feftion of the fecond volume 
which treats of the black dye. 

* Memoire fur la teintqre en noir, qui a renporte le prix 
ic fa fociete de Bruselles en 1 771 . Rotterdam 1777. 

. Of 
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Of twenty-one fpecies of aftringents, com- 
pared with galls ; oak faw-duft, the galls of 
the country, and yellow myrobolans, were the 
only fubftances which produced a fine black, 
but which was ftill neither fo fine, nor fo dura-, 
ble, as that obtained by means of the common 
gall. He found that the oak faw-duft was 
preferable to the bark, which is employed by 
the dyers of thread, and he obferves that it 
is cheaper. 

'Meffrs. Lavoifier, Vandermonde, Fourcroy* 
and I, were defired to try experiments on the 
different aftringents, for the purpofe of making 
a report to the academy. The fubftances upon 
which we thought it proper to inftitute expe- 
riments of comparifon, are galls, oak bark, 
rafpings of heart of oak, of the external part 
of oak, of logwood, and fumach. To deter* 
mine the portion of aftringent principle con- 
tained in thefe fubftances, we took two ounces 
of each feparately, which we boiled half an 
hour in three pounds of water ; after the firft 
water we added a fecond, which underwent 
a fimilar ebullition, and continued thefe opera*- 
tions until the fubftances appeared exhaufted : 
we then mixed together the decoftions we had 
fucceffively obtained. We jnade ufe of a 
tranfparent folution of fiilphat of irpn, in which 

we 
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we knew exa&ly the proportions of water and 
fulphat. We firft eftimated the quantity of 
the aftringent principle, by the quantity of 
fulphat which each liquor could decompofe, 
and afterwards by the weight- of the black 
precipitate which was formed. In order to 
ftop precifely at the point of faturation, we 
muft proceed very flowly in the precipitation, 
and towards the end add the folution of fulphat 
only drop by drop, and ceafe at the moment 
when the laft added quantity, no longer aug- 
ments the intenfity of the black colour. When 
the liquor is too opake to allow its fhade of 
colour to be diftinguifoed, a fmall quantity of 
it is largely diluted with water, and by adding 
to this, a little of the folution of fulphat of 
iron at the end of a glafs tube, it is difcovered 
whether or not the point of faturation has been 
attained : if we then wifh to get the precipitate 
which is formed, the whole muft be largely 
diluted with water. 

This operation merits attention, as being an 
cafy and accurate mode for manufacturers to 
determine the proper proportions of aftringents, 
and folutions of iron. 

To faturate the decoftion of two ounces of 
galls, *hree drams and fixty-one grains of 
fulphat of hron were required ; the precipitate 

when 
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.when cdJe&edand dried, tfei$ifcd feven drams, 
twenty *four grains. r - 
: Tiic -decoftidn of oak baric is of a dedp 
yellow ; a very ftnall portkH* of fulphat of htoft 
gives it a dirty reddifh -cdfour, and a larger 
one changes to a deep brawn. The quantity 
of fulphat required to fotarate tHe dfceb&ioi 
of two ocroces of: tiws ~- bark,- • was eighteen 
grains. The precipitate cpU^Qed aftd ! dried, 
formed coarfiar aftd/more compaft grains;" and 
weighed twenty-two grains ; *he innfcr bafck^ctf 
the oak afforded very nearly the fartte Mfiil$~- 

The decfcftion of the jaffrtngi*, 6f tb^hegfrt 
of oak, required for its fatUration^ &tk~*d%wMi 
twenty-fourgrains, and the precipitate "wtighet 
pne dram, tweirty-fow g*aftis \ -the dt^o6tfc>ft 
of the evterrml »wt>od of ; the oak pmdu«d 
very littte prttcipitate. 

The docoftksa of fumach acquired a reiddife 
violet colour when a fiwaiJ qua&tky ^ '$ie 
fulphat of i*ofi was 4 adsted, Thd - quantity 
required Sot its fattA-aWdii-^e two -draUfcs', 
tughttetrtgi^n*. 1 Aft Wciddnt pi^ei¥8ed-« 
from afceitaihi*^ the weight of tfefis ^ precipi- 
tate ; it perfe&fy refemfete**lfcat riif^d 7 

thr^gdb. ^ mJi. . 'L- i i: 

► The'd&fc&ion of togwfcoti became .of -4 
fepphire blue colour, by the addition of fulphat 

of 
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-xt 33* xrtmd the point of fatura- 
v >tuit xcama greenifh and dirty, 
v - mi— i 'J' required for faturation 

^ ^H4*4» « ok dram, forty-eight grains, 

^ weight of the precipitate was two 
;.weive grains. All the precipitations 
.> .uonb of oak take place readily ; that by 
'.Q£wqu4 a little more difficultly, but ftill more 
ably than that by galls. 

We then ascertained by trials made with 
doth, that the quantity of aftringent fubftances 
required to give a black colour of equal inten- 
fity, to an equal weight of the fame cloth, was 
proportional to the quantities of aftringent 
principle, which we had already eftimated in 
each kind from the foregoing experiments; 
but the black obtained by means of the dif- 
ferent parts of the oak, does not refill proofs 
or tefts of colour (debouilli) nearly fo well as 
that produced by galls. 

It does not appear that logwood alone is 
capable of producing fo intenfe a black as 
galls or oak ; and befides, the colour which 
it produces does not ftand the teft of proofs 
fo well as that pmduced by galls. 

In the memoirs of Stockholm for the year 
1663, it is faid, that We may fubftitute for galls 

the 
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the uva* urfi gathered in autumn, and dried 
carefully, fo as to preferve the leaves green, • 

The theory I have given refpefting aftrin- 
gents, is very far from being complete in all 
its parts ; but it eftablifhes principles, which 
may afterwards be applied by means of expe- 
riments, which fhould be much more numerous 
and accurate than thofe that have been hitherto 
tried. We ought however to confine ourfelves 
in this refpeft, to t^e examination of the 
principal aftringents, becaufe moft vegetables 
poflefs more or lefs of the aftringent property, 
as may be feen by the experiments of Bergius • 
and Mr. Durande p . 

After having confidered the aftringent prin- 
ciple, with refpeft to its affinities with foiutions 
of iron, it Ought alfo to be confidered, with 
refpeft to its pr6perty of combining with ve* 
getable and animal fubftances, particularly the 
latter* Silk acquires by galling (engallage) 
which confifts in macerating a ftufF in a de- 
coftion of galls q , a weight which cannot be 

• Materia medica c regno vegetabili. 

* Mem. fur les parties aftringentes indigenes. Acad, de 
Dijon, 1783. 

4 I (hall apply the term galling to the operation by which 
an aftringent is combined with a ftuff, whatever may be the 
nature of the aftringent, or ipecies of ftufF* 
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, taken from it, .or diminished beyond a certairt 
degree by repeated wafhing ; after which opera* 
tion, the fluff when put into a foiution of 
iron is dyed black, becaufe the aftsif^gent prin* 
ciple, decompofing the fulphat of iron, forms 
a triple compound with the oxyd of iron and 
, the fluff. 

A galled fluff is likewife capable -pf c^mbi- 
niflg with other colouring particle, the colour* 
of which thereby acquire fixity, if. they do not 
naturally poffefs it ; fo that the aftringpnt qom* 
municates its durability to the triple compouiu^ 
or perhaps the friore complex . one which i$ 
formed ; but the colour commonly becomes 
deeper by this union. 

The aftringent. principle by coinWnijig witfcf 
animaj fubft4nc©s,i.iendQrs ;the»*. incapable of 
corruption, arid tends , to render their texture 
more compaft ; in this the art of tanning 
confifts, which is the • bafis of the preparation 
of leather. 

The prize , lately offered by the academy of 
fciences relative to this important art, will 
undoubtedly procure us great information, and 
increafe its progrefs ; but I hope that the conr 
je&uFes I had formed will not be ufekfc to 
thofe engaged in the fabjeft. 
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Ah ounce of galls diftilleii with a* ftrong 
heat, ' yielded three drams of charcoal ; an 
ounce of fugar, two drams, twetve grains $ 
ah ounce of the colouring particles df flax, 
two drams, twenty -four grains ; an ounce of 
dry plumb-tree, one dram, forty-eight grains ^ 
an ounce of dry walnut-tree, alfo one draih^ 
forty-eight grains ; fo that galls yidfcl afmoil 
double as much chafcoaras hard and dry wood* 
I have elfewhere remarked r , that when an 
infufion of galls or of fumach was decompofed 4 
by means of oxygenated muriatic acid,, a 
copious precipitation of charcoal took v place* 
efpicialfy in the former. 

In confequence of thefe obfervations, I 
confider the abundance of charcoal* as the 
elfentral chara&eriftic of the aftringent prin* 
ciple ; the hydrogen which it contains only in 
fm'atf quantity, is however very much difpofed, 
partially to combine with oxygen $ hence h i^ 
that" when an infufion of galls is Wft^ih contaft 
with vital air, a fmall quantity of the air only, 
is *abfbrbe3, anct yet the colour of the infufion 
becomes much deeper ;, for in Conjfpmit^ with 
the theory laid down in Chap* III. and more 1 
particularly in the annals of chemiftry •, the 

• f Ana. de Chjrin. torn, vi. * IbidC 
Vol. I. h charcoal 
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charcoal readily becomes predominant, in con- 
fequence' of .the flight combuftion, and the 
colour grows deeper and becomes brown. 

A fiibftarice that contains much charcoal, 
and can undergo only a flight degree of com- 
biiftion, ought to poffefs confiderable durabi- 
lity, becaufe charcoal does not combine with 
oxygen in the ordinary temperature of the air, 
unlefs its union be aflifted by other attra&ions, 
and becaufe flight variations of temperature 
produce no change in the dimenfions of char- 
coal ; on the contrary, fubftances which contain 
much hydrogen, and in which the particles of 
the hydrogen are in a ftate of divifion, ought 
to be eafily decompofed, by the combination 
of the hydrogen with azot or oxygen. The 
dTfunion of their parts ought to take place 
from fmalr variations of temperature, becaufe 
hydrogen is dilatable by heat, which the car- 
bonaceous particles are not ; agreeably to this,. 
Mr. Monge . ingenioufty remarks, that a very 
fiifible metal united to one much lefs fo, ren- 
ders it brittle at luch a degree of heat, as by 
melting the firft, deftroys the continuity of the 
parts of . the mixture. 

When therefore the aftringent principle 
combines with an animal fubftance, it commu- 
nicates to it, the properties which it derives 

from 
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from the charcoal ; the animal fubftante be- 
comes lefs liable to change from flight varia- 
tions of temperature ; inftead of growing putrid^ 
it fuffers a flight degree of combuftion, by the 
aftion of the air ; for the procefs of tanning 
probably could not go on in a perfe&ly clofe 
veffel : the effeft of this combuftion is the 
conftri&ion of the parts, which alfoj afterwards 
aflifts as a caufe of prefervation. The preli- 
minary operations in tanning, confift principally, 
in epctrafting, all the fatty particles dilfufed 
through the cellular texture of the {kins, that 
the aftringfnt principle, and even the air, may 
have free accefs every where, 

In cqnfidering the analyfes that have been 
made of .indigo,^ which may be looked upon as 
the colouring piatterieaft liable to change, of 
any we are acquainted < with, I find, that this 
fubftancg leaves in diftillation, a greater pro- 
portion of charcoal than even galls themfeflves 
(Seft* J I. Vol. "II). I negleft in this eftimate, 
the. charcoal which enters into the eompofition 
of > the .thidc oil, whicih is obtained chiefly 
from indigo, md that .which is extricated in 
the. form of carbonic acid, and hydrogendus 
carbonic gas. 

I conceive that it is alfo to this abundance 
of charcoal, that the durability of the colour 
La gf 
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of* indigo is to be attributed; and that 5 the 
proportion of this principle is the chief caufe 
of the difference observed* in the durability of 
colours; but the force of adhefion may alfr 
have great influence, for a principle whieh i 
combines intimately with another fubftanee, 
ought to form with' it a more permanent com- 
poundy than one which has only a flight difpo- 
fition to unite with it ; now the aRrigent prin- 
ciple poflefles a very ftrong difpofition to form 
intimate combinations, efpecially with animal 
fubftances. I fhall explain upon the fame 
principles, the fixity communicated to colour- 
ing particles by alumine, and by thpfe metallic 
oxyds whkh are not liable to contain different 
proportions of oxygen, fuch as oxyd of tin. 

All the colouring fubftances whkh are 1 
capable of uniting with metallic oxyds, have> 
an a&ion upon them, whkh } is analogous to thai 
-of aftringents. 

The oxyds are thus deprived of more dr 
left of their oxygen, according to the force* 
with which they retain it, the ftrength of^ 
attra&km with which the colouring particles- 
tend to combine with them, the proportions 
in which they meet with each other, and the ' 
^ greater or lefs difpofition of the colouring 
particka towards , combuftiom The colouring - 
3 particles 
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particles alfo, fuffer a\ change in their con- 
ftitution from thefe circumftances ; thus, the 
folutions of iron render brown, all the co* 
lours into which oxyd of iron can enter, 
although it has only a green or yellow colour, 
in the ftate in which it is held in folution by 
acids, and this effeS goes on increafing to a 
certain degree ; but the alteration of the 
colouring particles may afterwards be pufhed 
fo far, as to fpoil their colour, and to diminifh 
*heir tendency to combination ; the oxyd of 
iron is then brought back to the yellow colour, 
by the oxygen which it attra&s, and is capable 
of retaining. The aftion of metallic oxyds 
and the colouring particles on each other, 
explains the changes obferved in folutions of 
the colouring particles, when mixed with me* 
taltic folutions. The effed is gradual, as I 
have fhewn with refpeft to fuftic. Sometimes, 
the mixture dbe3 not even grow turbid immedi- 
ately, but lofes its tranfparency by degrees ; the 
precipitation begins ; the fediment is formed* 
and its colour grows more and more deep. 
Light has fometimes a confiderable influence 
in producing thele effe&s. 
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CHAP. VI. 

Recapitulation of the Theory laid down in 
this SeElion. 

\/f ETALLIC colours mull be diftin- 
guifhed from thofe which are peculiar to 
vegetable and animal fubftances. 

The colours of metals are modified and 
changed by oxydation, and by the proportion 
of oxygen combined with them. 

Vegetable and animal fubftances may them- 
felves poffefs a peculiar colour, which varies 
in the different ftates through which they pafs, 
or they may owe th^ir colours to tinging 
particles, either combined, or fimply mixed 
with them. Thefe are the particles which are 
extratted from different fubftances, and which 
undergo different preparations, to fit them for 
£he purpofes of dyeing. 

The colouring particles have chemical pro- 
perties which diftinguifti them from all other 
fubftances : the attraftions which they have for 
^cids, alkalis, earths, metallic oxyds, oxygen, 
^ool, filk, cotton, and linen, confti'tute the 
chief of thefe properties. 

% According 
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According to the attra&ion which the co- 
louring particles have for wool, filk, cotton, 
and linen, they unite more or lefs readily, and 
more or lefs intimately with each of thefe 
fubftances ; and thence arifes the firft caufe of 
variation in the proceffes employed, according 
to the nature of the ftuff and of tfye colouring 
fubftance. 

By the attra&ion which the colouring parti- 
cles have for alumine and metallic oxyds, they 
form compounds with thefe fubftances, in which 
their colour is more or lefs modified, becomes 
more fixed, and more difficultly affefted hy 
external agents than before. This compound 
being formed of principles, which have fepa- 
rately thie power of uniting with vegetable 
fubftances, and more efpecially with animal 
fubftances, preferyes this property, and forms 
a triple compound with the ftuff ; and the 
colour which has been again modified by the 
formation of this triple union, acquires a 
greater degree of fixity, and of indeftruftibility 
by external agents. 

The colouring particles have frequently fb 
great an attra6iion for alumine and metallic 
oxyds, that they feparate them from acids 
which held them in folution, and fall down 
with them ; but the attra&ion of the ftuff is 
L 4 fometimes 
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fometijnes neceffary, in order to produce ,this 
fcparatlon. 

ike metallic oxyds which cojnbine with 
the colouring particles, modify their colours, not 
.only by their own, but alfo by 4&ing upon their 
coippofi tion by means qf* their oxygen. The 
change which the colouring particles thereby 
luffer, is flmilar to that occasioned by the, air, 
which injures all colours more or lefs. 

Of the two principles which compofe tlje air 
e^f tjie atmofpHere, it is qnly $ie vital air or 
bxygenqus gas, which .afts upon the cplouring 
pai^cl^s : 'it .combines with them, weakening 
weir colour, and rendering it paler ; \>ui 
prefently, its aftion is principally exerted on 
the hydrogen which jenters into their compo- 
sition, and it then forms water. This effefi 
ought to be confidered as a true combuftion* 
whereby the charcoal which enters into the 
compofition of the colouring particles, be- 
comes predominant, and the colour commonly 
changes to yellow, jfawn colour, or brown j 
. or' the injured part, by uniting with what 
remains of the original colour, produces other 
appearances. 

Light favours the combuftion of the co- 
louring particles, which /recently cannot take 
£lace without its jiid, and it is thus that it 

contributes 
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contributes to the deftru6tipi\ of colours. Heat 
promotes it ajfp^but lefs ppwerfulty than light, 
provided that it has not a certain degree pf 
intenfity. 

£p a fijnil^r combuftion are to be attributed 
tjie etfefi^ of the nitric acid, pf the a^ygenated 
jnijriatic ac|fi> and even of the fulphviric acid, 
when tfyqy ma&e the colour of the fubftances 
upon which they aft, pafs to a yellow, and even 
to black*. 

* There are a great .number of other natural phenomena 
befides thofe which I have pointed out {Ann. de Cbynu 
torn, vi,) jn whicji the formation of water appears to ipe 
indisputable : ti^ps the acejrb flavour of unripe fruits, js 
probably jowing to t the oxygen being weakly combined in 
them ; but by maturation, the fruit from having been hard, 
grows foft ; water is formed ; the juice becomes abundant 
and .fweet; now, fugar contains a confiderable portion of 
charcoal* When their maturity advances too far, and the 
•fruits undergo that decay which is peculiar to them, their 
colour indicates a Superabundance of charcoal. It appears f 
by the experiments of the celebrated Mr. Ingenhouze (Exp. 
Jur let *vegt't, torn, ii.) that combuftion takes place on the 
furfece of fruits expofed to the fun, fo ftrongly, as to 
produce carbonic acid. 

Pung, either by itfblf or mixed with ftraw, is changed 
into mould, by a degree of combuftion which is even 
accompanied with confiderable heat, fo that' the charcoal 
becomes fuperabundant in it; hence probably arife many 
tif the .phenomena of vegetation. 

The 
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The effeCts of combuftion however, may be 
concealed, by the oxygen combining with the 
colouring, particles, without afting particularly 
on the hydrogen. 

Colours are more or lefs durable, or more 
or lefs fixed, according to the greater or lefs 
difpofition of the colouring particles, to fuffer 
this combuftion, and to allow it to go on to a 
more or lefs advanced ftage. 

Some fubftances are alfo capable of afting 
on the colour of ftuffs, by a fuperiority of 
attraftion, or by a folvent power ; and in this 
confifts the aftion of acids, alkalis, and foap, 
a fmall quantity of thefe agents however, may 
fometimes form fupracompounds with the fluff, 
and thereby change its colour. 

Metallic oxyds produce in the colouring 
particles with which they unite, a degree of 
combuftion, proportioned to the quantity of 
oxygen, which can be taken from them by 
thefe particles. 

The colours which the compounds of metal- 
lic oxyds and colouring particles affume then, 
are the produQ: of the colour peculiar to the 
colouring particles, and of that peculiar to 
the metallic oxyd ; but the colouring particles- 
and metallic oxyds muft be confidered in that 
ftatp, to which they have been reduced by the 

diminution 
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diminution of oxygen in the oxyd, and the 
diminution of hydrogen in the colouring par* 
tides. 

Hence it follows. Firft, that the metallic 
oxyds, to which the oxygen is only (lightly 
attached, are not fit to ferve as conne&ing 
media for the colouring particles, becaiife they 
produce in them too great a degree of com* 
buftion ; fuch are the oxyds of filver, gold, 
and mercury. ] 

2. That the oxyds which undergo confi- 
derable changes of colour, by giving off more 
or lefs of their oxygen, are alfo bad inter- 
xnedes, efpecially for light fhades, becaufe they 
produce changeable c lours ; fi^ch are the oxyds 
of copper, of lead, and of bifmuth. 

3. That the * oxyds which ftrongly retain 
their oxygen, and fufFer very little change of 
colour by the lofs of a part of it, are beft fitted 
to anfwer this purpofe ; fuch is particularly 
the oxyd of tin, which quits its menftruum 
eafily, which h^s a ftrong attraction W the 
colouring particles, and which affords them a 
balls which is very white, and proper for giving 
a brightnefs to their fhades, without altering 
them by the admixture of another colour. 
The oxyd of zinc poffeffes fome of thefe 
qualities. 

In 
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In order to account for the colours, whiclj 
refult from the union of the colouring particles 
with the bafis which a mordant gives them, 
.we muft attend to the proportion in which the 
colouring particles unite to that bafis ; thus, 
the folution of tin/ which produces a very 
.copious precipitate with a folution of colouring 
particles, and which thereby proves, that the 
oxyd of tin enters in a large proportion into 
the precipitate, has a much greater influence 
on the colour of the precipitate, by the white- 
jiefs of its bafis, than the folution of iinc, or 
that of alum, which generally produce much 
Jefs copious precipitates. The precipitates 
produced by thefe two laft fubftances, retain 
very nearly the natural tint of the colouring 
particles. 

We muft then diftinguifh in the a&ion of 
fnoxdants, the combinations that may take 
place by their means, between the colouring 
particles, the ftufl^ and the interrrede ; the 
proportions of the colouring fubftance an<J 
interjnede, the modifications of colour, which 
jnay arife from the mixture oF the cblour of 
the colouring particles, and of that of the bafis 
to which they are united, and finally, the changes 
yhich the colouring particles may fuffer, from 

the 
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the combuftion that may be produced by the 
intermede. 

Aftringents^do not derive their chara&eriftic 
property from: an acid; or from any other indi- 
vidual principle which is always the fame, but 
from the property which they poffefs, of uniting 
with the oxyd of irbn, of reducing it to the 
ftate of black oxyd, and of acquiring themfelves 
a dark 1 colour, by the combuftion they thereby* 
experience ; galls, which' ate to be cdnfidtfted 
as the type ' of aftringents, readily undeVgb a 
flight combuftion, which gives them a deep 
brown colour; but this combuftion, which re- 
quires but a fmall quantity of oxygen, foon 
chafes, without injuring their properties. 

Galls owe their (lability ,to the large propor- 
tion of charcoal they contain ; and as they have 
the property of combining with fome v^getafbftp 
fnbftances, withfeveral cokmring matters, arrd 
particularly with animal fubftewcei^ they' ferve • 
as imefmedes for them* aiid impart ta'theitaH 
thtir own ft ability . 



SECTION" 



. : m : ?• r i OF THE 

SECTION IL 
Ol ifle Ptoceffes of Dyeing in General. 

CHAP. I. 

:be Differences between Wool, Silk, Cotton, 
jnd Linen, and the Operations, by which thefe 
Sabftances are prepared for taking the Dye. 

ARTICLE I. 

Rtfeftions on the Difference between Vegetable and Animal 
Subftances. 

THOUGH we cannot hope to account for 
many properties which depend upon the 
compofition of organized bodies ; yet the know- 
ledge we have acquired refpe&ing the compo- 
fition of vegetable and animal fubftances, may 
afford us fome light refpe&ing the caufe of the 
different difpofitions of wool, filk, cotton, and 
linen, to unite with the colouring particles, and 
with the bafes fupplied by mordants. 

Wool and filk, are animal fubftances ; cotton, 
flax, and hemp, are vegetable produftions. 

The 
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The compofition of animal fubftances is dif- 
tinguifhcd from that of vegetables, by their 
abounding in a particular principle azot> which, 
when in its elaftic form, conftitutes what is 
called pblogifticated gas, phlogijlicaied air % &c* 
which is found only in fmall quantity in ve- 
getables ; fecondly, by their containing much 
more hydrogen, or bafe of inflammableair. 

From thefe two caufes, arife the differences, 
obferved in the diftillation of animal and ve- 
getable fubftances. The former yield a large 
quantity of ammoniac (volatile alkali) which is 
compofed of azot and hydrogen; the latter af- 
ford very little, and commonly yield even an 
acid ; the former yield a great deal of oil, the 
predominant principle in which, is hydrogen, 
which is very volatile and difpofed to fly off by 
a fmall increafe of temperature, while the latter 
fometimesdo not yield it in the leaftfenfible quan- 
tity. In cojifequence of this compofition, animal 
fubftances, when fet on fire, produce a bright 
flame, which breaks out at the beginning, but 
is foon ftifled as it were, by the charcoal which 
is formed, and which has peculiar properties ; 
their combuftion is accompanied with a pene- 
trating odour, owing to the ammoniac and oil 
which are produced and efcape unconfumed : 
they are liable to putrefaflion, in which procefs 

ammoniac 
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ammoniac is produced, as well as in theiir'dif- 
dilation, by a more intimate union of the* azot J 
arid hydrogen; while vegetable Tubftarices, on the* 
contrary, undergo the vinous or acetous fer- 
iftferitation. I, barely mention thefe ideas here,' 
which I have explained at length in fonie' mc- 
mdifs. 

Ah animal fubftances contain a confiderable* 
quantity of principles dilpofed to' affumci* an 
eMtic form, they have lefs cohefive force^amorig' 
their particles than vegetables have," arid a* 
greater difpofition to combine' with other fub- 
ftances ; hence' tKey are " more" liable " to* be - ] 
deftroyed by different agents, and *re" more* 
difpbfed to combine with colouring particles. 

Thus, pure or cauftic fixed alkalis deftroy"' 
artimal fubftances, becaufe they combine with 
them, arid are faturated by theiri, lofin^ their'* 
catffticity ' (Mem. de T Acad. i 7 £3 )- T?ie 'con- 
fe^uerite of this aftion of alkalis on animal Tub* 
dances,' is, that thejr cannot bear leys, arid that"* 
alkalis fhbilld be \ifed with great caution, in the " 
pfoceffes employed for dyeing them ; whereas/ 
no danger is to be apprehended from the ufe of * 
alkalis with vegetable fubftances. 

The nitric and fulphuric acids have alfo con- 
fiderable" aftion on animal fubftances ; the" 
former ' decc^mpofes then^ extricates the azot, 

feparates 



frpafatts the fatty matter^ and fosms carbonic 
and qx&c acids with a part of the hydrog^fl 
* P*?* 9? ^ ch^rc<^d ; the latter extricates 
tfee inflammable ga*, probably azotic gas A an4 
reduces (he other principle* tfye ftate q$ 
charcoal. 

Silk appear? to bear fome refemblapc^ to ve- 
getable fubftantes, \>y being lpfs difpofed to 
combine with colouring particles, and by re- 
filling (he affton of alkalis and acids mora 
powerfully $ which may ariig either from ths 
(ajne principles being mor? intimately combined 
in it th&i in woql, or more probably, from iu 
containing If fs>ZQt $nd hydrogen : but though 
the aftion of alkalis and acids upon filk is weaker 
than upon wool, they fhould fti]l be employed 
with great caution, becaufe the brightness of 
Colpyr required in filk, appears to depend upon 
{he fmoothnefs of its furfaee, which Jhqul4 
therefore be preferved unimpaired. 

CottQn withftands the aftion pf acids better 
&m flftx or hemp, and is di$c<jWy &£?°y$4 
SVm by *bt nitric acid. 

' ARTICLE II. 
Of Wool. 

THJE principaj differences in ^ool confift 
in the length and finenefs of its Ifojftegtf. Th# 
Vcl. I. M which 
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which has the fineft filaments, is referVed fts* 
fine cloths. The moll beautiful wool is 
brought to us from Spain. Mr. d'Aubentcto 
has fhewn, that it may be produced in France, 
of a quality not inferior to that of Spain, by 
folding the fheep through the whole year, and 
choofing the rams with care. Simple infpe&ion 
may eafily lead to error refpefting the fineneft 
of wool, which it is To important the manufac- 
turer fhould know with accuracy ; he has pro- 
pofed a method of attaining that accuracy, by 
employing a micrometer for comparingi by 
means of a microfcope, the finenefs of the wool 
to be examined, with that of other wools chofen 
as ftandards*. 

Although the long wool is not fo fine as the 
Spanifh, and cannot be employed for fine cloths, 
it is ftill very ufeful for thofe commonly known 
by the name of englifh cloths ; and as the flieep 
which produce it, have much larger fleeces, 
the profit they bring, is not inferior to that of the 
fine woolled flieep 5 befides, the cloths made of 
their wool, being cheaper/ have a mucjv more 
extenfive fale ; and the profperous ftate of the 
commerce' of England, is partly owing to the 
abundance of this wool. But the breed of fheep, 

a Mem. del'acad. 1779. Inftru&ions to Ihepherds and 
proprietors of flocks. 

..which 
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which produces one or the other kind of wool, 
is connefted with the nature of their pafture, 
which ought to determine us in the choice of 
them. 

The multiplication of our flocks and the 
improvement of our wool, is of fo great im- 
portance to our induftry, that no opportunity 
fhould be loft of calling the attention of the 
public to that objeft. 

Wool is naturally covered with a kirfd of 
greafe, called fuint> which preferves it from 
moths*, fo that it is not fcoured until it is about 
to be dyed, or fpun. 

In order to fcour wool, it is put for about 
a quarter of an hour into a kettle, containing a 
fufficient quantity of water, mixed with a fourth 
of putrid urine, heated to fuch a degree as the 
hand can juft bear, and it is ftirred from time 
to time with flicks ; it is then taken out, and 
put to drain : it is next carried in a large baflcet 
to a ftream of running water, where it is moved 
about ihitil the greafe is entirely Separated, and 
no longer renders the water turbid ; it is then 
taken out, and left to drain. It fometimes lofes 

b Reaumur has obferved, that rubbing a fluff with greafy 
wool, was fufficient, to preferve it from moths. Mem. de 
l'acad. 1728. 

Ma in 
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in this operation more than a. fifth of te* 
weight. The fcouring fliotild he carefully per- 
formed, becacirie the itobl is thereby better fitted 
to receive the dye. 

The ammoniac, or volatile alkali, fonr^d in 
putrid urine, unites with the greafe, producing 
a kifrd of foap, which is foluble in water. 

The woo! is died in the fleece, or befofe it 
is fpun, chiefly when it is intended to form cloths 
of mixed colours ; or elfe it is dyed after being 
ipuri, and it is then intended principally felt 
tapfeftry : but it is ftibft commonly dyed,- afte* 
having been wrought into cloth. 

When wool is dyfed irt the fleece, its filaments 
being feparate, afcrforb a larger quantity of the 
fcolbtiring particles than when it is fpun ; for 
the fame reafon, woollen yarn takes up more 
than cloth.: but cloths thetnfelves vary cOhfi- 
derably in this refpeft, according to their de- 
cree of finenefs, or the clofenefs of their textiite * 
befides the variety in their dimehfiorts, the dif- 
ferent qualities of the ingredients employed in 
dyeing, and a difference of circumftantes in the 
procefs, prevent us from relying upon the pre- 
cife quantities we find recommended for the 
proceffes defcribed. This cahfideration ought 
to extend to all dyes. 



For 
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, Far v^o& colours, wool .requires to t be pre- 
pared by a bfth, in w^iqh .it is : bqiled wit{i fa- 
l^e^t^^n^es, jptryicipaily with alum and tartar; 
this is called the bouillon, which will be accu~ 
i£t$ly dqfcribed in the diffqrq^t proceffes : -but 
th^re are fome dyes for which ,thc wool 4q^$ 
not j^quire,fych a pregara$iqn ; ,then, it ip^ft 
be .well walhed in v^nn ; water, and wrung ojit, 
or. left to .drain. This is a general rule yhi<?h 
fhould i)e obferved with ; i;efpe£t to all the fub- 
ft4pce^:We ->7ifli f to dye, in order that the colopr 
may -j>enet rate them more e^fily, and ; be diftri- 
jt>uted jfnprc .uniformly. 

Mr. Monge -has explained the operation pf 
felting (feutrage) and the efFe&s of fulling, by the 
external information of the wool and hair of 
aniipals. 4Je has made fome curious obferva- 
tions c ~oathis fubjeQ:, the chief of which I fhall 
now rqjafe. 

Nothing particular can be discovered by means 
of the xnicrofcope, in the filaments of wool or 
in the r haJrs-of animals; yet the furfaces of thefe 
bofdies are . not fmooth; they muft be formed 
either of fmall laminae placed over each other 
in a flaming direction from the root towards 
the pojnt,: like the fcales of fifli, which cover 

« Obfervations fur la mechanifme du feutrage. Ann.de 
Chym. torn. vi. 

M 3 each 
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each other, from the head of the animal to the 
tail; or more probably, perhaps, of zones 
placed one upon another, as we fee in the horns 
of animals. 

If a hair be laid hold of by the root in one 
hand, and drawn between the fingers of the 
other, from the root towards the point, fcarce any 
friftion or refiftance is perceived, and no noife 
is heard ; but if grafping it by the point, it is 
paffed in the fame manner between the fingers 
of the other hand, from the point towards the 
Toot, a refiftance is felt which did not take place 
in the former cafe, and a tremulous motion is 
perceptible to the touch, and a noife fenfible to 
the ear. 

We perceive then, that the texture of the 
furface of hair is not the fame, from the root 
towards the point, as it is from the point towards 
the root, and that a hair when preffed, muft 
meet with greater refiftance, in Aiding or mo- 
ving towards the point, than towards the root ; 
but as it is this texture ; itfelf, which forms the 
principal fubjeft of Mr. Monge's memoir, it is 
neceflary to confirm it by fome further obfer- 
vations. ' ' ' 

If, after having laid hold of a hair between 
the thumb and fore finger, we rub them againft 
each other, iji the longitudinal direftion of the 

hair, 
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hair,* itjacquires a progreffive motion in that 
dire&ion towards the root. This effect depcnd$ 
neither on the nature of the fikin'fof- the fingeir^ 
nor on its texture ; for if the^hain be turned^ 
fo that-lhe .point fball be placed where the root 
was before, its motion will now be in an.op- 
pofite direction, that is, it will ftill be towards 
the root. 

Thefe obfervations, to which Mr. Monge 
adds fome others, are related of human, hair^ 
taken as an example, but they are equally ap- 
plicable to the filaments of wool, to horfe Jiair* 
and to that of animals in general. The furface of 
all thefe bodies then, is formed- qf rigid lamina^ 
laid upon each other like tiles, from the root tq 
the point, which .allow a progreffive motion to* 
wards the root, but oppofe one towaidsihe-jpoint: 

This ftru&ure fa 'the principal caufe' ofiltho 
difpofition to felting (feutrage), which the , hair 
of animals generally po ITeffes ;. thfe . hatter^ bjr 
ftriking the flocculi of wool with the ftri^g of 
his bow (arcbet) detaches and. difperfes iilTthe 
air, each of the filaments feparately^ thefe feB 
back one upon another, in all dife^U^fife, on tjtfg 
table, where they form a layer [of a . certain 
thicknefs ; the workman then cgyers them with 
a cloth, upon which he preffes ifci&Jl Mparts, with 
his hands extended. . - - ♦} . ri • 

M 4 The 
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The preffare brings the filaments of wool 
riearer to each other, and multiplies the pain* 
of contaft ; the agitation gives each of them a 
progreffive motion towards its root, by means 
of which, they entangle each other, and the 
kmintt of eacSi filamfem, taking hold of thdfe of 
the othfer lilburients, which ire in an oppbfite 
direftion, the whole is retained in the ftate of 
clofe contextufe, which it 'had acquired by the 
preffure 

- in proportion as the texture becomes clofeir, 
die jpreifurfe of the hands ought to bfe ihereafeel, 
both in 'Ordfer to ^make it ftiil more comjpaft, 
and to keep up the ppogreffive thotion, knd 
intermixture of the filaments, which now meet 
^ithigttetiepreSiftanoe : but during the whole Of 
dris^fljfijfatiem, the filaments of wobl lay hold of 
tith otfeirtfnly, and not of thecloth, the fibres 
sif tohitth, % has been ^ln»ady 'obfefved, lare 
ftiooth,nahd have n6t the fattief ropertifcs in^his 
tefpa&. ' 

The aptifttifc fot 'felting in **x>l *nd hair, 
fi«fesft6t d<^d entirely »n ttfe ftmaureof 
ftieirfurfkee ; -it is nOt Enough, ^that ^.ch-jSta* 
mfcttt^fcoulti'haWfc ptogfeffive tj mbtion towarids 
its root ; hOr'thfct the ' ihcttri&iatain&, by lay. 
frig hold Sf <&th Other, " fhoiild retain the eota- 
texture in the ftate to which k has^been redacted 

by 
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by ooHiprfcffion: it is alfo tieceffary, -that the 
ftbrments Ihould -not be tftraight like needles ; 
for, by a fcominuance ofthe motion and preflur^ 
each of thetii would continue its courfe pro- 
greffively, without changing its dtreftion, and 
the eflfefl: of the operation would be, to remove 
them all from the centre, without producing any 
contexture, fa is 'therefore necefTary, that each 
filadwintdhould be crooked, fo that the exremity 
neareft the toot, ihould 'be .difpofed to change 
hs direction 'continually, to entwine itfelf round 
frefh -filaments, < and to return back upon itfelf, 
if it ihould ; be fo determined, by any change in 
the^pofitionof the reft of its length. 

Wool poffeffing this ftni&ure naturally, is 
peculiarly fitted for this kind of work, and may 
be employed in 'it, without being fubje&ed to 
any ptevioustpfeparation ; but tbe furs of rab- 
bits, hares, and beaver, are naturally ftraight, 
and cannot ije employed alone for felting, with- 
out having undergone a previous operation, 
which is called fecretage, which confifts in rub- 
bing them before they are ftripped, with a brufh 
moiftened with a folution of mercury in nitric 
acid; this liquor, by a&ing only on one fide. of 
the hairs, changes their reftilinear dire&ion, 
and communicates to them that difpofition for 
feltitfg, which wool has naturally. 

The 
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The operation of fulling woollen fluffs is fa 
clofely connefted with felting, that I caftnot avoid 
entering a little into that fubjeft at prefent. ' ; 

- The afperity of the furface of the ' filaments 
of wool, and their difpofition to acquire a pro- 
greffive motion towards the root, forms an ob- 
ftacle'tb the {pinning of wool, ahd; die working 
it into fluffs,, all the filaments ihuft^ therefore 
be covered with' •>*, coat of oil,- wihich by filling 
the cavities, renders the afperitfes lefs fenfible, 
juft as a coat of oil renders a fine , file ftill 
fmobther. When the piece of fluff is wrought, 
it tfjuft be freed from that oil, whidh 'gives it a 
difagreeable fmeU, renders it dirty, and would 
prevent it from taking the colour we wifh r to 
dye it ; for this piirpofe, it is taken to the fulling- 
mill,- : where it \» beaten with large beetles, in 
a trough of water, through which fome clay has 
been d?ffufed. The clay uniting with the oil; 
renders it foluble in the water, and both are 
carried off together, • by frefh water brought 
thither by the machine ; and aftei* fome time, 
the fluff is found clean fcoured. 

But fcouring is not the only objeft in fulling; 
the alternate preffure of the beetles on the fluff, 
particularly when the fcouring is advanced, 
produces an effeft analogous to that of the 
preffure of the hatters hands ; the filaments of 

wool 
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wool which compofe a thread of the warp or of 
the woof, acquire a progreflive motion, inflnuate 
themfelves into the adjoining threads, then into 
thofe which are next, and prefently, all the 
threads both of the warp and woof, are felted 
together. The ftufF is now found contrafted in 
length and breadthj and participates both of die 
nature of cloth and of felt ; it may be cut with- 
out being fubjeEi to ravfcl, and there is no iie- 
ceflity for hemming the different pieces of it 
employed to make a garment; If it be common 
woollen flocking web, the flitches are now no 
longer fubjeft to run, when ofte of them hap- 
pens to - flip'; finally, thfc threads of the wiarp 
and the woof, being now no longer fo well de* 
fined, nor fo diftinft from each other, and the 
fluff being alfo thickened, forms a warmer 
clothing. 

ARTICLE III. 
Of Silk. 

SILK is naturally coated with a fubftance, 
which ha$ been confidered as a gum, to which 
it owes its ftiffnefs and elafticity ; that which is 
moll commonly met with in our climate, con- 
tains befides, a yellow colouring matter. 

Moft 
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M.oft ,$f .the puipofes for wJhicb filk is em- 
ployed, require that it fhould be deprived n^t 
QX\\y of its colouring matter, hut g}fo of itsguip. 
JJktfh thefe purpqfes are ^nfo&ered by means qf 
fo^p, and the term fcpuring (deereufage) is 2y?.- 
piipd ifc> ,tihis oper^tiq^ ,by which k acquires it£ 
^pki^fs.aAd wihUej^r^ Xhe r fcw?ipg ought 
VpLitp be fo complete f<&nfilk£ j^hfch^are to be 
<as for .thpfe wl^ifih ^re jntsp.^d to re* 
jnain white, and * fdiffQFqnce .ought even to be 
pude, according to «the cpiojir we^ejan the 
ftlpuld-have. 

. Jlhis difference , cpnfifts f qhieflly in rt^e^quaa* 
tjty pf fojap .employed.; «thus, f for cpmn\pn co- 
]4Ar&>U b ^rurally itbpttght.fufBc^i, to ^1 
thfc f|&#*:three^^ 4p # faction, of 

tW^tyrp<fcui^-of fo^rfpr^<jh(l^(ked : of {ilk, 
taking care to fill up the kettle with wattrifregn 
time to time, that there may be always a fuf- 
ficient proportion r .of T fluid. The quantity of 
foap is increafed for thofe filks which are to 
be dyed blue, and ippre ,efpecially for thofe 
that are to be fcarlet, cherry-colour, &c. be- 
99i^rKiffff thfffe /Cplpjars ,&e grgpni ^maft^be 
whiter^ than i for. ftich . we , lejk 4?li£aie. I# 
*reatir>g,,of r$ach * colour, itbe . quantity of fpap 
proper «for the .Jilk i^epded to ^cpiye it, is 
pientioned. 

When 
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WBeil filk is to be employed white, it 
undergoes tfrree operations, the firft is called 
degmmage; it eorififts in keeping the hafrks of 
filk in a fbhition of thirty pounds of foap 
to a hundred of filk : this folution Ought to be 
very hot, but not boiling ; when that part of 
the h&ftki which is imifterfed i$ entirely freed 
from Us guin; which is known by the whitenefe 
it acquires, the hanks are tufned upoft tht 
-fkeiri (licks, fo that the part which was not be- 
fore immerfedi may undergo the fame opera- 
tion*; they are then taken out of the kettle, and 
wrung out, According as the operatioh is com- 
pleted. 

The fecdnd operation, is the mite. The filk 
is put into bags of coarfe cloth, five and twenty 
or thirty pounds in each bag, which is called a 
boiling bag (poche) ; a bath of foap is prepared 
like the former, but with a lefs quahtity of 
foap ; in this the bags are boiled for an hour 
and a half, taking care to keep thetn conftamly 
ftirred, that thofe which touch the bottom of 
the kettle, may not receivfe too much heat. 

The third operation is called blanchimerit % 
which is principally intended to give the 
filk & flight caft, to make the white more 
pleafing, and from which it derives different 
* This is crlled by our Workmeh, flaking Mer. 

names, 
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names, fuch as china white, filver white, 
azure white, or thread white. A folution of 
foap is prepared, the proper ftrength for which 
is determined, by its mode of frothing when 
agitated ; for the china white, which fliould 
have a flight tinge of red, a fmall quantity of 
anotta is added, and the filk is fhaken over in it, 
until it has acquired the defired fhade. To 
the other whites, more or lefs of a blue tinge 
is given, by adding a little blue to the folution 
of foap ; though fome had before been put into 
the cuite. 

To prepare the azure, fine indigo is taken, 
and after being well wafhed two or three times 
in moderately warm water, it is ground fine 
in a mortar, and boiling water poured on it ; 
it is then left to fettle, and the liquor alone i$ 
employed, which retains only the mod fubtile 
parts ; this is called azure. A fmall quantity 
of the liquor of a frefli vat of indigo, may be 
fubftituted for azure. 

At Lyons, where they make a more beau- 
tiful white than at Paris, no foap is ufed in 
the third operation; but after the fecond, the 
filks are waflied, fumigated with fulphur, and 
azured with river water. In this method, it 
is of importance to employ very clear water. - 

When the filk has become very uniform, 
2 and 
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and has acquired the defired fliade, it is wrung 
out and dryed. 

The white obtained by thefe means is- not 
yet fufficiently bright, for the filk intended for 
white ftuffo; but muft ftill beexpofed to the 
vapour of fulphur: this operation is defcribed 
under the article fulphur. 

As foap feems to impair the luftre of filk, the 
academy of Lyons, in 1761, propofed as the 
fubjeft of a prize differtation, to find a method 
of fcouring filks without foap ; and the prize 
was adjudged to Mr. Rigaut, of St. Quentin, 
who propofed fubftituting for foap, a folution 
of foda, or carbonat of foda, fo much diluted 
with water as not to injure the filk ; but ft>me 
inconvenience muft have attended the pra&iceof 
this method," as it is not adopted, though gene- 
rally known and eafy of execution. 

The Abbe Collomb d has publiftied fome ob- 
fervations. highly worthy of attention, refpefting 
the fcouring of filk by the a&ion of water alone. 
Having perceived that a fkein of yellow filk, 
"which he had boilecl for about three hours in 
common water, had loft nearly one eighth of 
its weight, he~ repeated the boiling twice, and 

* Obfervations fur la diflolution du vernis de la foie. 
Journ. dc Phyf. Aout, 1785.- 

thereby 
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Amhjr brought the diminution to nearly one 
quarter. 

The filk which has fuflfcred this k>fa of 
weight, ftili renins a yellow or rather chamois 
colour, which renders it unfit for white fluffs, 
or for fiich as are intended to receive any 
colour, the beauty of which depends on the 
whitenefs of the ground, upon which it is 
applied; but it takes thofe colours very well 
which cannot be injured by the tinge it retains ; 
thus the black which it took, feemed preferable 
to that of filk fcoured with foap. 

The filk remains very firm and ftrong after 
this operation, the threads of it, compared 
with fiinilar ones fcoured with foap, fupported 
weights which broke the others. 

Eight hours of brifk ebullition are required, 
to diffolve the whole gummy coat of filk, and 
it thereby lofes a little more than one fourth of 
its weight; but the boiling ought to be con- 
tinued longer, when the barometer is low, be* 
caufe the greater the weight of the atmofphere, 
the higher is the degree of heat at which water 
boils. 

This confideration led Mr. Collonib to try 
the effeft of boiling filk in Papin's digefter, 
and he found that only one hour and a quarter 

were 
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were required, to complete the folution of the 
gummy coat, although the degree of heat muft 
hope been inferior to that, which produced many 
of thofe effefts obferved by philofophers, in that 
concentrated kind of ebullition. 

I have feen a pattern of fiHc ftufF fcoured by 
Mr. Collomb ; it feemed to have the qualities 
which he mentions ; but it had lefs fupplenefs 
and foftnefs than filk fcoured with foap. 

Mr. le Camus, a learned naturalift of the 
academy of Lyons, gave me a fmall quantity 
of the fubftance feparated from filk by the wa- 
ter, in one of Mr. Collomb's operations; it 
was black, brittle, and of a fhining fra&ure, 
and afforded by diftillation the ufual produ&s* 
of animal fubftances; it diffolved eafily in warm 
water, and left very little refiduum on the filtre ; 
the folution which is tranfparent and of a 
greenifli yellow colour, was not fenlibly affe&ed 
by acids or alkalis. 

Solution of alum produced in it, a dirty 
white precipitate ; that of copper, a dark brown 
precipitate ; that of fulphat of iron, a brown 
precipitate ; nitro muriatic folution of tin (folu- 
tion of tin in aqua regia) a white precipitate ; 
acetite of lead, a brown precipitate. All thefe 
precipitates are in fmall quantity, and more or 

Vol. I. N lefs 
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lefs vifcous. The infufion of galls and that 
of fumach, produce a white precipitate. 

Alcohol does not diflblve this fubftance even 
by ebullition, taking up only a yellow colour- 
ing matter; this folution by evaporation; af- 
forded a refiduum of fcales of an amber yel- 
* low. 

I added fome drops of muriatic acid to . 
nearly two ounces of alcohol, and boiled it 
on twenty grains of the filk gum, a folution 
took place, but on cooling, this fubftance put 
on the appearance of jelly. 

The fubftance taken from the filk in the 
fcouring then, appears to be of an animal na- 
ture, and therefore, the foap fuds ufed in that 
operation foon become putrid ; when feparated 
from the filk, it is eafily diflblved in water, 
but not in alcohol. Though not of a vege- 
table nature, it may with confiderable pro- 
priety be called a gum. That part which 
gives it the yellow colour is foluble in alcohol, 
and when it is feparated, the gum becomes 
, brown. It is not improbable that this colour 
is occafioned by the heat to which it is expofed 
in the boiling, becaufe, when only the yellow 
colouring part is feparated by Mr. Beaume's 
procefs, which I fhall prefently defcribe, the 
filk is whitened. 
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In Mr. Collomb's procefs, the gum is fepa- 
rated, and takes with it only fome of the co- 
louring particles ; and in the procefs of fcour- 
ing by foap, the gum and the yellow colouring 
particles are carried off together. 

I boiled fome yellow filk in a retort, where 
as the vapours did not efcape fo freely as from 
ah open veffel, a degree of heat mull have 
been produced, fuperior to that of water boil- 
ing in the open air. After having been boiled 
for four hours, the filk had loft one fourth 
of its weight, but it had almoft entirely retained 
its colour. 

I boiled another pattern in the fame way, 
in a quantity of water impregnated with com- 
mon fait, it became whiter, but loft Iefs of its 
weight, though the degree of heat was cer- 
tainly increafed by the addition of the fait, 
which reftrained the evaporation of the water ; 
poffibly, a part of the fait had united with the 
filk. Experiments might be made with other 
falts, and perhaps we fhould find fome, that, 
without injuring the filk, might be more ufe- 
ful in diffolving the gum and colouring par- 
ticles. 

When filk is intended for the manufa&ure 
of blonds and gauzes, its natural elafticity and 
ftiffnefs fhould be preferved ; the greateft part 
N 2 of 
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of what is produced in thefc climates, is of 
a yellow colour, but it is the white china filk 
that is principally ufed for thefe purpofes; 
this is fo dear, that our manufacturers can- 
not vie with the Englilh, from whom we 
get it, as they always referve the fineft for 
their own manufa&ures ; it has therefore been 
a defideratum, to find out the means of de- 
priving the yellow filk of its colouring par- 
ticles, without deftroying the gum, and thereby 
depriving the filk of its elafticity. Mr. Beaum6 
has Tolved this interefting problem, but has 
kept his procefs fecret : fome artifts however, 
to whom he intrufted it, or who had been led 
to the difcovery by their own obfervations, 
fucceeded in the execution of it; but the pro- 
cefs appears to be liable to accidents, which 
by occafioning lofs, increafe expence, fo thit 
hitherto, notwithftanding the advantages it pre- 
fents, it has not been carried into execution. 
I fhall communicate what has tranfpired re- 
fpefting it. 

A mixture is made with a fmall quantity 
of marine acid and alcohol, in which the filk 
is immerfed; the marine acid muft be pure, 
and not contain any nitric acid, which makes 
the filk yellow. To give it an uniform white 
colour feems to be one of the molt difficult 

parts 
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parts of the procefs, efpecially when we operate 
on large quantities: There is likewife great 
difficulty in dyeing the whitened filk, fo as to 
prevent its curling, it ought certainly to be 
kept conftantly ftretched during the drying. 
The alcohol that has been impregnated with the 
colouring part, mull be again feparated from 
it, fo as to ferve for fubfequent operations, 
otherwife the procefs would be too expenfive ; 
for this purpofe it is to be diftilled by a gentle 
heat, in a glafs or ftone ware veffel. 

It appears from the experiments above re- 
lated, that the marine acid is ufeful in this pro- 
cefs, by foftening the gum, and thus affifting 
the alcohol to diflblve the colouring particles 
combined with it. 

The preparation with alum muft be con- 
iidered as one of the general operations in 
dyeing filk, for without aluming, the greateft 
part of the colours applied, would poflefs neither 
beauty nor durability. 

The preparation with alum confifts in mixing 
in a tun or vat, about forty or fifty pails of wa- 
ter with forty or fifty pounds of roman alum, 
that has been previoufly dilfolved in warm wa- 
ter; this muft be carefully ftirred during the 
mixture, to prevent the cryftallization of the 
alum. 

N 3 After 
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After having waflied and beetled the filk, 
and wrung it out with the jack and pin % in 
order to feparate any foap it may have retained, 
it is immerfed in the alum liquor, where it is 
left for eight Or nine hours, after which, it is 
wrung out by hand, over the vat, and wafhed 
inaftreamof water. 

In the above quantity of liquor, one hundred 
and fifty pounds of filk may be prepared> with- 
out the addition of any more alum, but when 
it begins to grow weak, which thofe who a,re 
in the habit of employing it, can eafily diftin- 
guifh by the tafte, twenty or twenty-five pounds 
of diffolved alum muft be added as before, and 
this addition muft be repeated, until tllfc liquor 
acquires a difagreeable fmell ; and then, it may, 
be employed in the preparation of fluffs in- 
tended for darker colours, fuch as browns and 
marones, till it has loft all its ftrength. 

The preparation of filk with alum is always 
made in the cold, becaufe when the liquor is 

« This is a contrivance for wringing more ftrongly, than 
can be done by the hands alone ; the pin introduced through 
the hank at one end, or into a twift of the cloth, is fecured 
in a fixed pofition, while the other end or twift is fixed to 
the hook of the jack, which can be forcibly turned round 
by means of a winch conne&ed with it. When this degree 
of force is not neceflary, and the hands only are employed 
iH, the operation, it is called wringing out fy hand. T, 

employed 
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employed hot, the luftre of the filk is liable to 
be impaired. 

ARTICLE IV. 

Of Cot torn 

C O TT O N is the down or wool contained 
in the pods of a tree or flirub f which grows in 
warm climates. This down is feparated fronj 
the feeds, which it covers* by a kind of mill. 

Climate has great influence on the qualities 
of cotton, and the fpecies of the cotton tree 
feem to differ according to the heat of the 
country in which they grow 8 ; great variety of 
them are fouhd in the american iflands, but it 
appears from Mr. Bennet's account \ that the 

f Of the four fpecies of the cotton plant (GoBypium) only 
one is perennial, arid therefore called the arhorenM which 
grows to fix or eight feet high. That from whkh our cotton 
is commonly got is the herbaceum, Lin. which grows only to 
about two feet in height. The third, is the hirjutum or hairy 
american cotton, two or three feet high. The fourth is the 
Barbadenfi or Barbadoes ihrubby cotton, which rifes to four 
feet. Thefe three are all annual plants. T. 

f Eflai fur les cara&eres qui diftinguent les cotons des di- 
yerfes parties du monde, Sec. par M. Quatremere Difjonval. 

h Tranfa&ons of the fociety inftituted at London for 
die encouragement of arts, manufactures, and commerce, 
vol. i. 

N 4 inhabi- 
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inhabitants have hitherto negle&ed to ehoofe 
thofe fpecies, which would be found moft ad- 
vantageous, and have thus loft much of the 
benefit, th# might be derived from this valu- 
able article. 

Cottons differ principally in the length of 
the filaments, their finenefs, their ftrength and 
colour. 

Cotton is of different fhades from a deep 
yellow to a white ; the darkeft coloured comes 
from Siam and Bengal, and is often made into 
fluffs without changing its natural colour. The 
moft beautiful is not always the whiteft, it is 
neceffary to bleach it, by procefTes fimilar to 
thofe employed in the bleaching of linen. The 
operations neceffary however in bleaching cot- 
ton, are lefs various, and more expeditious, 
than thofe for bleaching linen. Inftead of 
thefe operations, we may employ oxygenated 
marine acid, and with the affiftance of time * 
we can thus produce a more beautiful white, 
than by the ordinary way of bleaching, and 
the cotton afterwards appears better fitted for 
the reception of a fihe colour in dyeing, as 
Mr. Decroifille has obferved. I have fuc- 
ceeded in bleaching the yellow cotton of St. 

Domingo, which has been prohibited on ac- 

f 

1 Annal, de Cbynue. torn* ix. 

count 
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count of its bad colour, which it fo obftinately 
retains. 

In order to difpofe cotton to receive the dye, 
it mull undergo an operation called fcouring. 
Some boil it in four water*, but more frequently 
alkaline ley is ufed, the cotton mud be boiled 
in it for two hours, and then wrung out, after 
which it muft be rinfed in a ftream of water, 
till the water comes off clear, and then dried. 

The cotton ftuffs which are to be prepared, 
muft be foaked for fome time in water, mixed 
with at moll one fiftieth of fulphuric acid, after 
which they muft be carefully walhed in a ftream 
of water and dried. I have obferved that the 
acid which had been ufed in this operation, had 
taken up -a quantity of calcareous earth and 
iron, which would have injured the colours. 

We may confider aluming and galling as 
operations generally employed in the dyeing of 
cotton and linen. 

In the preparation with alum, about four 
ounces of it are required to each pound of 
fluff, it muft be diffolved with the precautions 
mentioned in the preceding article, and fome 
add a folution of foda in the proportion of 
one fixteenth of the alum, others a fmall quan- 
tity of tartar and arfenic. The thread is well 
* Vid. chap. xii. feft. iii. vol. i. T. 

impreg- 



148 ELEMENTS OF THE 

impregnated by working it pound by pound 
in this folution, it is then put altogether into 
a veffel, and what remains of the liquor is 
poured upon it; this is left for twenty-four 
hours, and then removed to a ftream of water, 
where it is fuffered to remain for an hour and 
an half or two hours, in order to extraft a 
part of the alum, and it is then wafhed. I have 
found that cotton gains about one fortieth of 
its weight in this operation. 

In the operation of galling, different quan- 
tities of galls or other aftringents are employed, 
according to the quality of the aftringents, or 
the effeft defired. 

The galls powdered, are boiled for about 
two hours, in a quantity of water proportioned 
to that of the thread to be galled ; the liquor 
is then fuffered to cool to a temperature which 
the hand can fupport, after which it is divided 
into a number of equal parts, that the thread 
may be wrought pound by pound, and what re- 
mains after the operation, is poured upon the 
whole together, as before defcribed in the pro- 
cefs of aluming. It is then left for twenty- 
four hours, efpecially when intended for mad- 
dering for black, but for other colours twelve 
or fifteen hours are fufficient. After this it is 
to be wrung out and dried. 

When 
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When fluffs are galled which have already 
received a colour, the operation muft be per- 
formed in the cold,, that the colour may not be 
injured. 

I have found that cotton which has been 
alumed, acquired more weight in the galling, 
than that which had not undergone that pro- 
cefs ; although alum adheres but in fmall quan- 
tity to cotton, it communicates to it a greater 
power of combining, both with the aftringent 
principle and with the colouring particles. 

ARTICLE V. 

Of Flax. 

A S flax and hemp poffefs the fame proper- 
ties fo far as relates to dyeing, we have gene- 
rally made no diftinftion between them in this 
Vork. 

If cotton be an important objed for the exer- 
c;ife of our induftry, flax and hemp are of ft ill 
greater confequence, both , as they are the pro- 
du£t of our own country, and as they afford 
«l fource of very extenfive employment to the 
lower orders of the community. The manu- 
facture is extended to all parts of the country, 
and is divided into various branches, from that 

of 
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of the ftrongeft cordage, to the fineft kind of 
thread ; it is a means of collecting together 
the families of the peafants in the intervals of 
more laborious employment, and thus gives 
them fome (hare in the enjoyments of fociety; 
it affords an eafy occupation for infancy and 
age, which may inure the former to habits of 
induftry, and afford a relief to the latter. 

As we are at prefent paying fo much atten- 
tion to the draining of marfhes, and as the 
number of fmall tenures is likely to be in- 
creased, it is of fome confequence to obferve, 
that marfhy grounds which have been drained, 
are the bed calculated for the culture of hemp, 
and that this is a kind of produce that would 
be found particularly convenient to the inferior 
farmers k . 

Flax muft undergb feveral preparations before 
it is in a proper ftate to receive the dye ; the 
firft is the watering, by which the fibrous parts 
of the plant become difpofed to feparate, fo 
as to be rendered fit for fpinning. The water- 
ing is an operation of fo much confequence, 
from its influence on the quality and quantity 
of the produft, and from its deleterious effefts 

* Inftruftion familiere far la culture & le roui da chanvr^ 
a l'ufage des gens de la campagne ; par M. dfc Pertuis. 



on 
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on the air, that it appears proper that I fhould 
give fome information refpefting the place in 
which it ought to be concluded. 

In the watering, a glutinous juice which 
holds the green colouring part of the plant in 
folution, and which is the medium of union 
between its cortical and ligneous parts, under- 
goes a greater or lefs degree of putrefa&ion, 
according to the mode of condu&ing the opera- 
tion ; this appears from the extrication of 
carbolic acid and inflammable gas, which Mr. 
Rofier 1 has obferved to take place. 

This fubftance appears greatly to refemble 
the glutinous part, that is held diflblved in the 
juice we get from green plants by preffure, 
which is feparated along with the colouring 
particles by a heat approaching to that of 
ebullition, which becomes putrid, and which 
affords ammoniac by diftillation : but though 
this fubftance is held in folution in the ex- 
prefled juice of plants, it is probable however, 
that water alone cannot fufficiently feparate it 
from the cortical parts; whence it happens, 
that the hemp which has been watered in too 
ftrong a current, is deficient in fupplenefs and 
foftnefs. 

1 Effiri fur la culture & le rouiflage du chanvre ; par M. 
l'abbe Rofier. 

If, 
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If, on the contrary, the water employed in 
this operation be ftagnant and putrid, the 
hemp acquires a brown colour, but more efpe- 
cially lofes its firmnefs, and exhales very per- 
nicious vapours. 

It appears then that this procefs is performed 
to the greateft advantage, in watering pits fitu- 
ated on the banks of rivers, where the water 
may be changed often enough to prevent a 
putrefaftion, that would injure the hemp, and 
be prejudicial to the workmen ; yet not fo 
often, as to hinder the degree of putrefaftion 
neceflary for rendering the glutinous fubftance 
foluble in water. 

Mr. Rofier has found that the operation 
went on when the hemp was covered with a 
layer of earth, and he recommends that me- 
thod. Mr. Prozet m has propofed the mixing 
a fmall quantity of cauftic alkali with the 
water, with a view of increafing its folvent 
power, and preventing putrefaftion ; but it 
appears from Dr. Home's experiments, that 
the alkali retards the operation, and renders 
the flax liable to break \ 

During the watering of the flax, and the 
degree of drying it may have undergone both 

m Mem. fur le rouiflage du chanvre. 

n Effay on the bleaching of linen, pag. 370. 

before 
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before and after, its green colouring particles 
fufFer a change, limilar to what we obferve in 
the green fubllance of plants expofed to the 
a&ion of air, and the influence of light. 

Their colour changes to a yellow, fawn 
colour, and even becomes brown, from that 
combuftion, the theory of which I have given 
in the firft fe&ion. A great part is then foluble 
in alkalis without requiring a higher degree of 
oxygenation, fo that, by treating the dre(Ted 
flax with an alkaline folution, we can deprive 
it of a confiderable portion of the colouring 
matter, which perhaps remains combined with 
a part of the gluten. The proceffes publifhed by 
the prince of Sever for obtaining fine dreffed 
hemp, depends on a folution of thefe colouring 
particles °. He direfts us to lixiviate the 
dreffed hemp in a folution of two parts of foda, 
and one of lime, then to impregnate it with 
foap and keep it in digeftion, to wafh it well 
and afterwards to hackle it. 

I have endeavoured to whiten dreffed hemp 
completely, by the method I employed for 
thread, but though we fliould expeQ: that its 
filaments would by this means lofe but little of 
their firmnefs, yet they become fo much dif- 
pofed to fplit, and feparate from each o&er, 

• Journ, de Phyf, introd. torn. ii. 

that 



154 ELEMENTS OF THE 

that they would prove much more difficult to 
twill, and would give a much weaker thread, 
I have made experiments on dreffed hemp 
prepared in the prince de S. Saver's method, 
and on fome prepared in the ordinary way, 
with a view of comparing the procefles ; the 
firft afforded a greater proportion of tow, and 
the thread produced from it, was not better in 
appearance than that of the fecond, after it 
had been leyed ; the firft was alfo lefs firm, but 
it polfeffed one advantage which merits atten- 
tion, that in the hackling, it did not produce 
that dull which is fo pernicious to the work- 
men. 

The beauty which may be communicated to 
dreffed hemp by leying before it is wrought, 
does not appear to poffefs the advantages, 
which its appearance might lead us to expeft, 
fince by this means, we diffolve only that 
portion of the colouring matter, which would 
have been carried off by the firft leys ufeci in 
the beginning of the bleaching of the cloth. 
The great finenefs given it, probably cannot 
be produced, but at the expence of the length 
and firmnefs of the filarfients. 

A clergyman of the department of Somme, 
has rendered his miniftry refpe&able, by di- 
recting his attention to an obje£l with which 

the 



ART OF D Y II N igg 

the public happinefs is very nearly xonne&edl 
Mr. JJrale has eftablifhcd near Amiens, a kind 
of public fchool, in which he examines the 
methods employed in the culture of hemp, both 
with refpeQ; to the watering, and the drefling 
with a view pf fele&ing the beft, and rendering 
them as complete as poffible *. 

He employs a procefis, which probfubly is not 
liable to the inconveniences occafioned by leying 
the dreffed hemp ; he waters the hemp as foon as 
pulled, and N he Separates the cortical part by 
a peculiar kind of operation immediately after 
the watering, and having foaked it in a weak 
folution of black foap, he wafhes it with great 
care ; previous to the drying, the colouring 
particles which would have afterwards been 
foluble only in alkalis, may be difiblved and 
extrafted by water, with the addition of a 
linall quantity of foap, the hemp heCoiW^s 
much whiter and divides better and more 
minutely without however being injured ; and 
the leys preparatory to the bleaching become 
aimeceffary. 

Comrnon thread and the linen made of it, 
contain then a colouring fubftance which may 

Jf Analyfc pratique fur la culture & la manipulation du 
iharirre. 

: Vou I. O be 
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vj.t-. t r-rtfr pn but there is likes- 
— . rj lunfcuve, which is really 
... r- ieniuible fibres, and which 
. . T zxz^ ***3T T ;.\cq>t by the deftruftion 
j*" combuftion it undergoes 
^ ^.^jirrooxi with oxygen, as I have 
ne iri Section, Chap. III. thread 
> rc rtwrJiior.s employed in bleaching; 
v v ?r weight. 

•ix mcnoe-i :o be dyed, mull be fubjefted 
» t: j«nc:o« which cotton undergoes, in 
c-juiuik, xLursing, and galling. 
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^ ^hH»fh\ jnJ /be Operations employed in 
the Art jf Dyeing. 

\\? HEX we confider it as a general 
w 1 principle, that works carried on in a 
^ ^ uganu: Atiory are more advantageous, than 
^iir conduded in a detached manner, the 
u^iivition of employment affording an oppor- 
tUijitv for each workman, by being engaged by 
^uir ofcjjcd, of acquiring celerity and perfedion 

of 
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of execution, the whole beyig ordered with 
one general view, and carried on in all its parts 
without lofs of time ; this principle mull be 
confidered as peculiarly applicable to the art 
of dyeing, becaufe what remains after one 
Operation may often tefvt for another. A 
bath which has been too much weakened 
for a particular Golbur, or even for the 
lighter fhades of that colour (fuites) may be 
found ferviceable, by affording a grouhd for 
other ftuffs, or forming a new bath by the 
addition of frefh ingredients. The galls that 
have been employed in the galling of filk, may 
be ufeful in other operations, on wool or 
cotton j a great number of inftances of the 
fame kind might be enumerated. 

It would be eafy by confiderations of this 
kind to prove, that the progrefs of the art p£ 
dyeing is very much impeded, by its divifion. 
into two branches/ one comprehending the 
good or durable dyes, the other, the falfe or 
fading colours, by the claffification of dyers 
as they work in filk, wool, or thread, and by 
the regulations which forbid one clafs to keep 
the ingredients deftmed for the ufe of the 
other. We ought, I think, on the contrary, to 
encourage extenfive works in dyeing ; and 
thofe who direft them, ought to lay down a 
O 2 plan 
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plan of operations which might conned thfc 
whole, and prevent alt tofs of ingredients, of 
drtie, of fuel, and bf ff&rk ; and this plan ought 
to be regulated by the fuppofed de&ttfidh bf 
trade. 

A dye-houfe fhouldbe fpacious, WelllSghted, 
and as near &s poffibfe to a ftfeam of witter ; it 
Ought to be floored with Mine and pl&fte* (cimekt) 
atfd channels fhould be foade fof carrying dff wa* 
ter> or fpent baths ; and the ivh6le flioiild be ton* 
rrived with the ftriQfcft attention to cteaftlineft. 

The c&ldrons, the fifce afcd pofkioh <rf which 
atfe to be regulated by the operations for Wbith 
fhey are defigned, fhould be shade of bra& 
copper, tihlefs for fcarlet, in the pre£ar*t$oti of 
which, it is better to ufe tin veffels, as well is 
for other delicate colours in which a fbkttioh of 
tin is employed. Brafs is lefs liable to be afEted 
Upon by faline fubftances, and to fpcft tfce fluffs 
tftan copper. It is of great confequence thfct, 
ttfe Caldrons or copf>ers be well cleaned afteir 
each operation ; and thofeof a large fize, ought 
to have at the bottom a pipe with a cock, for the 
purpofe bf emptying them. Above each co$fpet, 
a hole fhduld be made in the chimney, or in Ac 
Wall, for the reception of poles, for draining^*? 
fkeins of wool or filk, as well as fluffs, To thafc 
the liquor \majp fall ba^k again into tfce copper. 

~ For 



A R T OrF DYEING. / I59 

Fqr the pieces of fluff, a winch or reel hi 
i*fed, the ends of which are placed on two iron 
forks, which may be put at pleafure into the 
holes made in the curb which fuppofts the 
edges of the coppers. 

Many dyes for filk, where a boiling heat is 
not required, are prepared in lohg copper oj- 
wooden veflels, called troughs or backs. 

As the greateft parts of the colours ufed for 
(ilk are very delicate, they require to be quickly 
dried, that they may not change. For this 
purpofe, a drying room is neceflary, confifting 
of a chamber heated by means of a ftove; 
the filk is ftretched on a moveable pole* 
called a ftiaker, which is hung up, and kept 
continually in motion, in order to haften the 
drying. 

It would be neceffary to enter into a very 
minute detail, if I undertook to defcribe every 
thing neceffary in the conftruftion of a dye- 
houfe; more accurate ideas may be at once 
gained by infpeftion, than the moft laboured 
defcription could convey ; befides, the difpofi- 
tion of a dye-houfe, muft bear a relation to thfe 
operations "for which it is intended, and fhould 
be fo conftru&ed, that thofe operations may 
beft fucceed. 

But it is to be wifhed, both for the progrcfe 
O3 : . of 
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of the art, and even of fcience, that a little place 
fhoutd be referved for keeping an apparatus for 
the common experiments in chemiftiy, as well 
as for particular experiments relative to dyeing. 

The manipulations in dyeing, are neither 
difficulf nor complicated, their objefl: is, to im- 
pregnate the fluff to be dyed with the colouring 
particles diffolved in the bath; to caufe the 
a&ion of the air to concur, both in fixing the 
colouring particles, and in giving them bright- 
nefs, and carefully to remove fuch as have not 
been fixed in the ftuff. 

I fliall content myfelf with giving a defcrip- 
tion of the moft common. 

When whole pieces of ftuff, and even many 
of thefe, are to be dyed at once, the winch 
above defcribed muft be ufed. One end of 
the ftuff being firft laid acrofs it, by turning it 
round pretty quickly, the whole paffes over it 
in fucceflion. It is then to be turned the con- 
trary way ; fo that the part of the ftuff firft im- 
inerfed, may be the laft in the fecond immer- 
fion, and thus the dyeing be as equal as pof- 
fible. If the piece of ftuff be of confiderable 
length, or if feveral pieces are to be dyed of 
thfe fame colour, the two ends are joined toge- 
ther, the winch then paffed within, and put on 
the forks. 

2 Jf 



A KT OF DYEING. 



If wool is to be dyed in the fleece, a kind of 
broad ladder, with the rounds very clofe% is 
to be placed over the copper, on which the 
wool is to be put, in order to be drained and 
aired, or when the bath is to be changed. 

If the wool is in fkeins, rods are to be pafled 
through them, and the operation is the fame 
as for (ilk or thread, it confifts in turning the 
hanks of filk, and the fkeins of thread or wool, 
upon the (kein flicks in the liquor ; this is called 
, fliaking over (lifer) and the rod is called (lifoir) 
fkein ftick. 

When the filk or thread is dyed, it mull be 
wrung out, in order to feparate the fuperabun- 
dant colouring particles. This operation is per- 
formed with a cylindrical piece of wood, one end 
of which is fixed in the wall or in a poft, and is 
called (f efpart) ; when this operation is repeat- 
ed feveral times fucceflively, for the purpofe of 
drying and giving luftre, it is called (cheviller) b . 

When a certain quantity of ingredients are 
added to a liquor, they fay they give it a 
(brevet) and that they rake it, when they ftir it 
about, and mix it with the rake. 

Sometimes they give a firft colour with an 

• Called by our dyers a (craw or fcray. T. 
^ See a description of the method employed by our dyen* 
page 144. T. 

O 4 intention 
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intention of applying another upon it ; and thus 
making a compound colour, and then they are 
faid to give a ground (donner un pied). 

To rinfe, is to wafti a filk from the dye, or 
from the ley, in a fmall quantity of water, and 
this they call rinfigg (dijbrodure). 

When they are under the neceffity of paffing 
a ftuff feveral times through the fame liquor, 
each particular operation is called a dip (pajfe). 

A colour is faid to be rofed (rofi) when 
the yellow tinge of a red colour is changed to a 
fliade inclining to a crimfon or ruby colour, 
and when they change a yellofw red to a more 
^complete red, they are faid (virer une couleur). 

Although the manipulations of dyeing are not 
Very various, and appear extremely fimple, 
they require very particular attention and an 
experienced eye ; in order to judge of the qua- 
lities of the bath, to produce and fuftain the 
degree of heat fuited to each operation, to avoid 
all circumftances that might occafion inequali- 
ties of colour, to judge accurately, whether the 
ihade of what comes out of the bath fuits the 
pattern, and to eftablifh the proper gradation 
in a feries of fhades. 

I do not mean to fpeak of the management 
of the vats, nor, above all, of the compofition 
©f colours, in which the art principally confifts, 

and 
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and where nice combinations are frequently 
required. 



S fuel is a principal article of expence 



in dyeing, it is of great importance to 
diminifh the confumption of it as much as pof- 
fible, and -to feleft that which may produce 
the defired eflFeft, with the leaft poflible 
expence ; it is proper therefore to diffufe the 
knowledge of the philofophical principles of 
the produftion of heat by combuftion, and of 
the powers which influence its communication, 
in order that they may be applied as circum-* 
ftances require. 

When bodies are burnt, none of their prin* 
ciples aredeftroyed; they had preyioufly formed 
together one kind of compound, and they now 
feparate from each other, at the high tempera- 
ture to which they are expofed, in order to 
form others with the vital air in contafi with 
them: fuch of the principles as cannot unite 
with the vital air, that is the earth, forae faline 
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Of Fuel. 




and 
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and fome metallic particles compofe the 
cinder. 

The new compounds formed, are carbonic 
acid, or fixed air, and water : the proportion 
of thefe varies according to the proportion of 
the carbonic particles, and of the hydrogen or 
bafis of inflammable gas, that had been con- 
tained in the inflammable body. Let us take 
common charcoal as an example. 

If we burn a hundred grains of charcoal in a 
glafs bell inverted over mercury, after the com- 
bullion, we find a quantity of carbonic acid, equal 
in weight to that of the coal confumed, and of 
the vital air changed. One hundred parts of this 
newly formed acid contain fixty-two of oxygen, 
or bafe of vital air, and twenty-eight of char- 
coal (charbon) ; a fmall quantity of wateF is alfo 
formed, which is diflblved in the carbonic acid, 
and the vital air likewife holds a little of it in 
folution. As thefe quantities are not known,, 
the above eftimate cannot be confidered as 
perfcftly accurate. 

If we burn alcohol or fpirit of wine, weh^ve 
a refult confiderably different; we obtain a 
quantity of water greater in weight than the 
fpirit of wine, becaufe the inflammable principle 
of the alcohol is chiefly hydrogen : now hydro- 
gen forms water, by combining with oxygen, 

or 
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or the bafis * of vital air ; for the fame reafon 
adfo, oil affords a great quantity of water. We 
may confider charcoal and alcohol, or rather 
^ther, as the two extremes ; the former afford- 
ing by combuftion, fcarce any thing but car- 
bonic acid, and the latter water; and other 
combuftibles we may confider as intermediate, 
approaching one or other of thefe extremes, in 
a greater or lefs degree, according to their com- 
pofition. 

While the hydrogen and carbon combine 
with the vital air, which forms about one-fourth 
of the atmofphere, the caloric, or principle of 
heat, which was united with the vital air, and 
which gave it its elaftic form, is in a great mea- 
fure difengaged ; perhaps, there is alfo extri- 
cated from it a portion of carbon, and above 
all of hydrogen, which was contained in the 
combuftible body ; fuch is the origin of the 
heat produced in combuftion \ 

Thofe 

• Although the theory of heat has been confidently inv» 
proved lately, and has been the fubjeft of many ingenious 
difquifitions, we fhall always, perhaps, be obliged to con- 
fider the principles received refpedting its nature and combina- 
tions, as* foppofitions only, by means of which we may be 
able to connect the phenomena it prefents, and explain the 
laws by which it is governed. 

When wc confider vital air as the fpurce of the heat difen- 
gaged 
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Thofe who wifh to be more particularly: 
acquainted with the experiments of which we 

have 

gaged in combuftion, we do not mean to fay, that the burn- 
ing body does not itfelf contribute to the production of that 
heat, though by fixing our attention on the principal caufe 
of th* phenomenon, we are fometimes apt to content our- 
" felves with mentioning it alone. The whole theory (which 
has met with fome oppofition) contradicts fuch a fuppofition : 
but if we obferve, that in combuftion accompanied with flame, 
the vital air lofes its elaftic ftate in a greater or lefs degree, 
while the burning body, fo far from being diminiihed in 
bulk, enters into a combination which increafes it ; and if 
we confider, that the heat difengaged, is proportioned to the 
quantity of vital air combined, and that in thofe cafes, where 
little heat is produced by the combination of oxygen; a great 
deal may afterwards be extricated from the compound, as we 
fee in the cafe of nitre, and oxygenated muriat of pot-alb ) 
we muft acknowledge, that this theory is at leaft probable 
and fatisfactory. 

Among the bodies which moft powerfully contribute to 
the production of heat, hydrogenous gas ought certainly to 
hold the firft rank; now the theory which afcribes to vital air 
principally, the heat difengaged in combuftion, affords in 
Kke manner an explanation of the heat produced by this gas ; 
though fome, by a falfe application of Dr. Crawford's expe- 
riments, have thence deduced an objection, which they have; 
propofed with a degree of infolent difdain. 

J fhall not here examine whether Dr. Crawford's hypo* 
thefis ought to be admitted or not. He endeavours * td 
prove, that the heat difengaged in combuftion, ought to be 
attributed to a change of capacity for heat in the burning 

* On waina] heat, &c* 

bodies, 
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have jilft given a flight Iketch, and with the 
theory of cotnbuftion at large, (hould confult 
feveral memoirs of Mr. Lavoifier, in the tranf- 
aftions of the academy of fciences* and his 

bodies, as appears by comparing the capacity of the Wtf- 
before it is burnt, with the capacity of its reliduum after 
combuftion. Dr. Crawford has found, it is faid, that hy- 
drogenous ga$ contains five times as muchfpecific heat as vital 
air ; it ought therefore to contribute much more to com- 
buftion than vital air ; the heat therefore difengaged in com- 
buftion, proceeds principally from the burning body, and 
not from the vital air. 

According to Dr. Crawford, there are two ways of afcer- 
tainmg the fpecffic heat of bodies, by comparing the fuh- 
Jefts of experiment, by bulk or by weight. Dr. Crawford 
has adopted the latter, which perhaps is more fallacious and 
more inconvenient than the former. It is in this way then, 
that we muft compare the weights of the oxygenous and by* 
drogenous gafes, which combine in combuftion, in order to 
determine the quantity of heat difengaged from each in pro- 
portion to their fpecific heat. We muft therefore take eighty- 
five parts of oxygen to fifteen of hydrogen. The quantity of 
heat theh difengaged from vital air or oxygenous gas, ought 
to be to that produced by hydrogenous gas, as eighty-five 
to feventy-fivc, or as feventeen to fifteen. 

But what ftiH increafes the proportion of the heat pro- 
duced by vital air, according to Dr. Crawford, is, that the 
fpecffic heat of hydrogenous gas is not five times greater 
than that of vital air, but only, as 21,4600 to 47,490, and 
that hot To much as fifteen parts of hydrogen are required 
to feighty-rWe of vital air, 

elements 
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all the parts of it, which arc capable of com- 
bining with vital air, fhould unite with it ; it 
is confequently necefTary, that there fhould be 
neither fmoke nor foot, this is principally to 
be accompliflied by properly proportioning the 
inferior opening of the furnace, the fire place, 
and the chimney. 

The current of air which fupports the com- 
buftion ought to have eafy accefs, but if the 
chimney be too forge, the carbonic acid formed 
is not removed without fome difficulty, it re- 
mains in contaft with the fuel, and thus oppofet 
its combuftion. If the chimney be not fuf* 
ficiently high, a part of the hydrogen reduced 
to the form of vapour efcapes without being 
burnt; as do alfo the coaly particles which 
form the foot, hence arifes a diminution of the 
effeQ; which the inflammable body ought to have 
produced. A higher column of air rarified 
and rendered lighter by heat, and the conden- 
fation of the vapours . of water and carbonic 
acid at the top of the chimney, would have 
toncurred in producing a more rapid current 
bf air. Thefe effe&s are more particularly 
obfervable in reverberatory furnaces, in which 
we eafily fee the importance of having the 
opening of the chimney properly proportioned 

it the difcoveier of what he is only {aid to lave conjec- 
tured. T. 

3 to 
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to the fize of the furnace, the power of which 
is fingularly increafed by adding pipes of a 
certain length to the top. But too long a 
chimney occafions another inconvenience which 
we fhould be careful to avoid* for when the 
combuftible parts which rife, have time to cool 
below the degree of heat required for their 
combuftion, they conftitute a mafs, which by 
its weight impedes the circulation of the air. 

Thefe confiderations will appear minute to 
fome, but they may be often produ&ive of an 
(Economy that is too much negle&ed in the arts> 
in which heat is employed. An attention to 
the circumftances of combuftion merely, is not 
fufficient, it is alfo neceflary to endeavour to 
obtain all the advantage we can from the heat 
that is produced, fo that the whole of what is 
difengaged by combuftion, may be as effe&ually 
as poffible employed for the different purpofe* 
required. 

There are fome bodies which tranfmit heat 
eafily, fuch as metals while others on the con- 
trary condud it flowly, and with difficulty, 
fuch as glafe, earthen vare, bricks, and par- 
ticularly charcoaL On this property of char- 
coal, th* celebrated Dr. Black, to whom we 
are principally indebted for our knowledge of 
the powers of heat, hat conftrn&ed a well con* 

V01*. I. P trived 
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' trived furnace, which I think it right to <fefcribe> 
as a model capable of a great variety of appli- 
cation. 

The furnace is compofed of plate-fron, which 
ferves as a covering, coated internally with a 
compofition of one part argillaceous earth, and 
four parts charcoal % of the thicknefc of from 
fifteen to fixteen lines; and in order to prevent 
its being deftroyed by the fire, it is covered 
with a coat of clay mixed with fand, of about 
eight lines in thicknefc, and which is capable of 
refilling the aftion of the fire, 

In the fide of the afh-pit, an opening is made, 
to which a plate of brafs is adapted, with eight 
holes of different diameters, to each of which 
is fitted a brafs ftopper. The admiffion of 
air by one or other of thefe holes produces a 
more or Lefs powerful combuftion, and in order 
to regulate it at pleafure, we have only to 
employ a combuftible of an uniform nature^ 
which Dr. Black finds in the cokp of certain 
kinds of pitcoal. 

The charcoal coat of the furnace prevent* 

« The mixture which I have, ufed, has c,cmfiftftLq£ n^ljj 
equal parts of charcoal duft and pure pipe clajr, in which 
the clay was in the larger proportion, i have not been able 
to make a mixture in which the charcoal duft was in larger 
proportion adhere. T. 

the 
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the toft of heat, which is almoft entirely em- 
ployed in producing the effeft we wife: the 
regulation of the heat by the mode of giving 
accefc to the air, and the uniform nature of 
the combuftible fabftance, enable us to calcu- 
late not only the duration and power of the 
fire employed in art operation, but even the 
quantity referved for every particular' part of 
the operation* 

A coating of charcoal might be applied to 
the indigo vats, inftead of wrapping theirt up 
in cloths* and aHb, to veffels i» which we wifli 
to preferve for a long time the heat of any 
liquor, for this purpofe an earthen or glafi 
veffel is preferable to a metallic one, which 
more eafily transmits the heat to the furround- 
ing air. 

When watefr is reduced to vapour, it carries 
off a great quantity of heat, which it gives out 
on being again reftored to its liquid form, we 
may therefore by covering a boiling caldron, 
fave a great quantity of heat which might be 
employed for various purpofes, and we might 
thus even procure a heat of an equable tempe- 
rature, as in a water bath. 

One might conftruft either a fand bath, 
which might be ufeful in many operations, or 
P 2 a fuc- 
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a fucceflion of caldrons which require different 
degrees of heat, by ere&ing a long furnace in 
fuch a manner that the fire being placed at one 
end, the flame and heated air might be carried 
by a horizontal flue to the other extremity 
of the furnace, where the chimney is placed, 
through which the air efcapes after having given 
off almoft all its heat. 

Even the heat communicated to the chim- 
neys in ordinary furnaces ought not to be loft, 
ftoves and drying rooms might be placed in 
the fituations through which the chimneys pafs ; 
but inftead of trying to retain the heat in thefe 
chimneys, as is proper in furnaces, we ought 
to endeavour on the contrary to rob them of 
it; thus the part which pafies through the 
place we wifli to heat, ought to be of metal; 
but we fhould avoid carrying off the heat re- 
quired for the inflammation of the combuftible 
vapours. 

After having given fome idea of the phe- 
nomena of combuftion, and pointed out the 
means of employing the heat produced to the 
belt advantage, it remains that I fhould con^ 
fider the different kinds of combuftibles, in 
relation to the advantages they afford. 



In 
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In order to compare the effeft of different 
kinds of fuel, we njay employ the method 
defcribed by JVfr. Lavoifier d ; this conlifts in 
burning each fpecies of fuel in the fame fur- 
nace with a caldron adapted to it, into which 
a certain quantity of boiling water is put, and 
what evaporates, is gradually replaced in each 
operation, by an equal quantity fupplied by a 
cock. The quantities of each fiiel required 
for the evaporation of the fame quantity of 
water are then compared. It is obvious, that 
the qualities of the fuel, are proportional to 
the quantity neceffary for the produ&ion of 
the fame effeft, we have therefore only to com* 
pare the quantity of fuel employed in each 
operation, with the refpeftive price of each, 
in order to determine which is nloft advan- 
tageous, and ought to be preferred. In this 
calculation, it is of no confequence, whether 
we eftimate the quantity of each fuel by weight 
or by meafure, provided we know its price. 

Inftead of evaporating a given quantity of 
water, we fhould obtain the refult we want, 
by burning either the fame weight, or the fame 
meafure of each fpecies of fuel, and after- 
wards comparing the quantities of water evapo- 
rated. 

* Mem. de l'acad. 1781, 

P 3 As 
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As the meafure and weight of fuel ought to 
be compared with the price it bears, and as 
fcfeis varies confiderably in* different countries, 
we can arrive at ao invariable determination 
refpe&ing that which, it U moft advantageous 
to employ;; in one plaqe* it will be coal, in 
another, wood or turf; the relative prices of 
tJi$f<f fohftances may vary in a very fhort time, 
by the ppeatfig c*f a capal» the working, of a 
coal mine, or the deftruftion of woods. 

Many ajrtafts entertain prejudices, againft the 
Ufe of ^itcc^l, but it is fufficient to ropaark, 
^Kat it i& at prefent ufed jn fo great a number 
of mapufa^rtes* without producing any ipcon~ 
yenience,, tjh^ t ^ pay d<*ubttefs be fubftituted 
fqr othejr bitf as b| prppprtion to its bulk 
it affordp ,T?>uch more hqfct, ijt will be necef- 
fery to leajnv by practice how to moderate it* 
eflfeas. 

Th$ cpnftni&ian of furnaces- in which coal 
is to.be ufect fhould be fomewhat different frb» 
tfcat of the furnaces in common ufe. As it 
does not eafiiy inflame* k requires a grate which 
may afford a paffage to a current of air. 

Though it fhould be proved by experience 
that no advantage would arife, in a particular 
country, by preferring coal to wood, ftill it 
would te proper to recommend its ufe, becaufe 

it 



ART OF DYEING. 1JJ 

it is Very plrob&ble that thfc price of Wood Will 
continue to increafe, and on the cotatraiy, that 
that of coal Will diminifh, bjcaufe the working 
of fcoal mines will bfe encouraged, and mbrfc 
fuccefsfully conducted, than has hitherto beeh 
the cafe in France, and becaufe we have reafon 
to hope that the number of canals, which would 
facilitate its carriage, will be multiplied, 

Pitcoal is reduced to the ftate of a. true 
charcoal, by an operation called cokeing, which 
is analogous tt> that errplo^ed ib charring wood. 
This charcoal is of confiderable advantage in 
the furfiaceS foY fmelting iron ore, fbrthe|)ft>- 
coal fwells and runs together when ftrongly 
heated, and thus chokes up the furnaces, in- 
convfenierites whith do not attend it whfen re- 
duced to coke; but for other ufes, H ipbAt&r 
to employ it iri its natural ftate, becaufe all the 
bituminbud oil which is burnt dining the chat* 
ringi is carried off without producing anyeffdQ* 
and befides, the operation itfelf requires 1 labour, 
Which is attended with expence. 

Peat may alfo be eharred, but this opera- 
tion prefents a difficulty which is not eafily 
furmcamted: when newly charred peat is ex- 
J)ofed to the air, it inflames fporitaheoufly Hk£ 
pyrophorus ; thit inconvenience boweyer may 
be prevented* 

P 4 What 
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What has been faid on the fubjeft of pitcoal 
is applicable to turf ; whenever we can, it is 
better to employ i( in its natural date, than be 
fubjefl to the expence of charring it, and at 
the fame time of lofing all that is confumed 
in that operation, which might have afforded 
heat. 



CHAP. IV. 

Of the Means of judging of the Goodnefs 
of a Cohur., 

AS there is a great difference in colours, 
with refpeft to their power of refifting 
the aftion of air and light ; and as it is in this, 
that their durability and goodnefs chiefly con* 
fift, independant of their brightnefs, it is of 
importance, in order to fecure the jmblic con- 
fidence in the manufa&ure, to be able by eafy 
means, to determine the degree of goodnefs in 
a colour. . Thefe means muft have appeared of 
ftill greater importance, when the rigour of 
laws impeded the progrefs of induftry, and 
^nxioufly eftablifhed the diftinftion between 
the dyers of durable and of fading colours. 
/ By 
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By a whimfical effeft of thefe regulations, a 
dyer of fading ^colours, might be liaWe to 
punifhment for producing colours of too du- 
rable a nature. 

I have but little to add to the remarks of 
Hellot ; he informs us of the method em- 
ployed by Dufay, whofe obfervatlons laid the 
foundation : of the regulations made on this 
fubjeft, and examines them with confiderable 
acutenefs. 

" As we have not been able exaftly to 
" afcertain, either by the information of dif- 
u ferent dyers, or by the perufal of the old 
u regulations, the precife diftin&ion between 
<c the colours of the fading and the durable 
a kind, we are under the neceflity, with a view 
u of gaining the knowledge we want, of adopt- 
u ing a method, which though it is the moll 
4t tedious and difficult, is yet the moll certain, 
<c or indeed the only one upon which we can 
c< rely. The late Mr. Dufay of the royal 
" academy of fciences, who had been felefted 
" by government, as a perfon whofe labours 
u might gready improve the art of dyeing, 
u 'made experiments on the fubjeft, by dyeing 
u wool of all colours, and even with dyes of 
w all forts, ufed either for durable or fading 
* colours ; he even fent to the different pro- 
3 " vinc^s 
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u vinces for fueh aa ate not empio^ed : dt Paris * 
" and finally, he colle&ed moft of the different 
c< fubftarices, which he fconceived might be 
u employed in the art, and tried a . very gfceat 
" nutober of them, ihveftigating <th*ir good or 
u bad qualities* without paying any 'regard t<5 
<f thfe prejudices of the dyers. v 

u His fifcft experiments were made on wdollei! 
c< yani,*/. hut . he afterwards ufed: pieces of 
u white cloth, w^iich he found more fuitaWe 
<c to his purpofe. ..." 

u With a view to khow what colours wer^ 
" and what were not durable and fading, he 
" expofed to the. fun and air* for twelve day*; 
u fome patterns of all cblours, which had bfeeft 
cc dyed in his own houfe with known cbmpo- 
" fitions. It appears that this time was fliffi- 
(t cient for a trial of them, for the durable 
€t colours are not at all, or but little injured,. 
" while the fading ones are almbft entirely 
w obliterated ; fo that, after twelve days expo- 
a firre tathe heat of the fun; and the daihpnefe 
w of the night air in fummer, there can be ntf 
" doubt as to the clafs, in which each colour 
" fhould be placed. 

" But there ftill remained a difficulty, which" 
€t was this, that as all hefe colours had not 
fi been expofed to the air, precifely at the 

<c fame 
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« fame time and in the fame feafon, fome 
" might have had more fun, and ConfequSfttly 
cc might have fufFered a greater change in th6 
" twelve days, than others ixpofed in tnore 
11 cloudy weather, or when the days were 
" ihorter* But he difcovered a remedy for 
" this inconvenience, which removed all dtffi- 
f€ culty and doubt as to the accuracy of the 
" experiments ; he chofe one of the worft 
" colours* that is, ohe on which the fun had 
« produced the greateft effeft ih twelve .days'. 
" This colour ferved as a ftandard iti his eape- 
• «. riments, "and whoever he expofed pattens 

* to the air, he. always expdfed a piece 6f' this 
" ftufF along with them * fo that he did hot 

* calculate by the number of days, but by 
" the colour of his ftandard, always keeping 
" the pattern expofed, till it had loft as much 
44 as that would have done, by tWelve datys 
" expofure in fanfrmer. As he always noted 
<f the day ott whkh he expofed his pattertis, 
« he was led to obferve, that in winter it was 
" only ntee&ty to leave them four or five 
m days longer expofed to the air than in fum- 

* mer. By purfuing this method, he removed ' 
a all doubt a* to the accuracy of his expe- 

* riments. In this trial by expofure to the 
" air and to the rays of the fi*f>, he had a 

«< ftUl 
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^ ftill further objefl, which was* to find the 
*t proper proof for each colour ; what is called 
u ; prqof (deboulli *) is the trial of a ftuff with 
c< § view to difcover whether its dye be per- 
" manent or not: a pattern is boiled with 
*• alum, tartar, fo^p, vinegar, lemon juice, Sec. 
u and its quality is judged of, by the effeS 
" thefe fubftances produce. Thfc proofs ufed 
w Ub'iJSS were f° infufficient, that they did 

not even affift Mr. Dufay in difcovering 
u more certain ones, they even deftroyed fome 
* good colours* while they produced very 
f c little effeft upon the bad; fo that he wai 
H obliged to fix ijppn^ feveral, each of which 
u ferves for a great number of colours. The 
u following is a fliort defcription of the method 
" he purfued, in order to, difcover them. 

" After having obferved the ,effe& of air 
u on each colour, whether good or bad, he 
u tried the fame fluff with different proofs, 
u and flopped when he found one which pro- 
fc duced the fame effeft with the air ; then 
u noting the weight of the ingredients, the 
" quantity of the water, and the length of the 
u trial, he was fure to be able to produce on 
" a colour, an effe6l equal to that which the 
Cf air would have produced, fuppofing it had 

* Sometimes called by our artilts boilings 

" been 
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f< been dyed in the fame way with his ; that is, 
w according to the methods employed by the 
<f dyers of true and falfe colours. Having thus 
fC examined all the colours, and all the ingre- 
" dients employed in dyeing, he found out a 
" method, which may be confidered as accu- 
" rate, of diftinguifhing the good or bad 
cc qualities of each colour, by making, by 
" means of the proof, a fort of analyfis of the 
w materials which compofed it. We cannot 
u without injuftice, refufe to acknowledge, 
u that the means Mr. Dufay employed, in 
<f the difcovery of thefe proofs or tefts for 

* colour, are ingenious ; for the trial by air 
u and fun, cannot be made on thofe, where it 
u is necefl"ary to judge immediately, whether 
u a fluff expofed to fale at a fair or elfewhere, 
H as of a true dye, be really fo or not. 

u The proofs mentioned in the new regu- 

* lations,- made in confequence of Mr. Dufay 's 
" memoirs, difcharges in a few minutes, as 
m much of a colour, when it is not dyed of a 

durable colour, as would be loft by twelve or 

* fifteen days expofure to the air. But as gene- 

* ral rules for fuch trials muft be liable to many 

* exceptions, which either cannot be forcfecn, 
u or though forefeen, cannot l>c particular!/.' "\ 
" without the ritk of caufirnj confufion, or of 

u affording 
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<( affordiag matter for innumerable difptrte*, 
tt it follows, that thofe rules confidered pcrkaps 
cc as too genera^ are aHb too fevere in many 
n cafes, wherein light colours, require felts, 
" or quantities of felts, which ffeall be lefs 
<c a£fcive than thofe neceffaiy for deep or 
u loaded colours (chargie$)> which may allow 
<c a confiderable portion of their colouring 
u matter to be carried off by a proof, with- 
u out (hewing any very vifible alteration. It 
u would therefore have -been neceffary, to 
u prefcribe a proof for almoft every fhade, 
<c which from their infinite variety, would be 
u impoflible. Thus the air and the fun> will 
* always be the true tcft ; and: every colour 
" which is not changed by them^ in. a certain 
" length of time, or which,, by expofure, . 
" acquires what the dyers caM a body (find) 
" ought to be confidered as a {landing colour, 
<c even though it fhould be confiderably 
w changed by the proofs prescribed by the 
u new regulation. Of this we have an cx*- 
c< ample in fcarlet ; as foap alrooft entirely 
u difcharges this colour, it has been, fubmitted 
" to the trial by alum ; and when it; hasr been- 
c< dyed with cochineal alone, without any 
" mixture of other ingredients, it ought to 
<( affume a purple colour, in a-boiling folution 
2 « of 
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* of alum : if fcarlet be expofed to the fun, it 
" lo£t& fome of its brighjtriefs, and becomes 
u deeper ; but this deep: fhade is not fimilar 

to that imparted by alum. Proofs then, 
f< in certain cafes, cannot be fubftituted for 
" the adion of the air and fun, at leaft, fo far 
w as refpe&s fimilarity of effeft. 

" By mean* of brafil wood, which like 
'< ahnoft all the other woods loaded with co- 

* lour, gives a fading dye, I prepared a red, 
u which was mwh finer than the madder reds, 
«f. and a* bright as thofe made with kermes ; 
" this red* remained, expofed to the air for the 

* two lafi months of the year 1740, which 
•* were very rainy, and for the two firft of 
" 1741 : and notwithftanding the rain and bad 
f weather it ftood, upon account of its pecu- 

liar preparation which will be mentioned in 

* the proper place, and was fo far from lofing, 
•* that it acquired body. Yet this fame red 
•> which is ft> durable in the air, does not reOft 
•1 the trial by tartar. Would it then be proper, 

* to proferibe this colour, becaufe that fait 

* difcharges it, or are the ftuffs we employ for 

* clothing intended to be boiled with tartar, 
" ahim, ov foap? I do not however mean 
« to difepprove of the trial by proof* 5 they 

* are ufeiul, becaufe they are ready, but there 

" are 
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<c are cafes in which they ought not to ferve 
w asa ground for pronouncing a fentence of 
" confifcation ; efpecially when they cannot 
w (hew, that a colour which fhould have been 
<f dyed with materials for durable colours, has 
cc been dyed with thofe of a fading nature." 

It is therefore evident, that there has been 
hitherto only one fure mode of determining 
the durability of colours, that is, expofure to 
the a&ion of the air, fun, and dew, for a 
certain length of time : proofs, whatever pains 
may be bellowed on the choice of them, can 
only be applicable to the procefles performed 
agreeably to the regulations, and not to thofe 
which have been difcovered or improved fince 
they were made. 

The oxygenated muriatic acid affords a 
quick and eafy method of determining the 
degree of durability a colour may poffefs, 
becaufe it a&s like the air itfelf : thus, when 
we wifh to examine a colour, we need only 
put a pattern of the ftuff into oxygenated 
muriatic acid, along with a pattern of the fame 
colour which has been dyed properly j the 
comparative power of refilling its a&ion, ftiewn 
by the colours of the two patterns, becomes 
the meafure of their goodnefs ; but as this 
liquor has a very ftrong a&ion on the colouring 

particles, 
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particles, it muft be employed in a very dilute 
ftate. This proof has alfo the advantage of 
Ihewing us very nearly the fttades and changes 
through which a fluff muft pafs, when it comes 
to be afted upon by the air. Still however, were 
it neceflary to examine a colour juridically, 
I fhould not venture to rely entirely upon the 
aftion of the oxygenated muriatic acid, and 
would only decide with confidence, from the 
refults afforded by expofure to the air. 

In order to try the colours of filk, it is 
generally thought fufficient, to expofe them to 
heat in acetous acid, or lemon juice ; and they 
are confidered as good and permanent colours, 
if they ftand this teft ; and indeed, when the 
woods or archil alone have been employed, 
the colours are made red by the a&ion of a 
vegetable acid, but if the folution of tin has 
been ufed to dye with thefe fubftances, the 
colour which has been prepared in an add 
liquor, is not afterwards affeded by vegetable 
acids, and in that cafe a colour may be reputed 
good, which has been much lefs expenfive, and 
will prove lefs durable ; fo that for filk alfo, 
we muft employ the oxygenated muriatic acid, 
and more efpecially expGfure to the air. 

There is alfo another kind of proof, which 
feems to me very ufeful ; it it intended for 

Vol. L Q enabling; 
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enabling us to eftimate tbe comparative goodnefs 
of colouring fubftanees of the fame kind. We 
have hitherto been confined to mere infpeftjuanj 
or to fome other marks, which afford only 
uncertain indications, and could by no means 
furnifh a fcale of comparifon. The oxygenated 
muriatic acid feems to anfwer this purpofe, a3 
completely as could be defired ; becaufe when 
we compare indigo with indigo, the nature of 
the colouring particles is the feme, or nearly 
the fame, and no foreign affinity can interfere, 
to prevent the aftion of the oxygenated muriU 
atic acid from determining the proportional 
quantity of colouring matter. 

If it (houjd happen, that any confiderable 
difference occurred, even in the nature of 
colouring particles fuppofed to be tbe {aroey 
it is very probable, that the a£lioa of th& 
oxygenated njMriatic.aciAwouJd ftill be a. 
fore oC their comparative goojflaefs. 

When therefore^ we wifli to compare together 
two or mpre colouring fubftances of the fapie 
nature and, t0 determine, the relative quantity 
and quality of the> cplouring particles, in each* 
we need onjy coxnpare the- quantities.^ thg ferae , 
oxygenated, m.ufi^fic acid, required. to pFpducs 
tbe %iq .d^ree of detenqrationi ia ai> equal 
weight. <af r each: i the qualities of thefe fob- 
; ftanccs, 
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fiances, or the quantity of colouring particles 
they contain, are diredly proportionate to the 
quantities of liquor required to produce the 
fame effeft on each ; but in this experiment, 
it is neceflary, that the colouring matter of 
each fubftance fliould have been diflblved in a 
proper liquor, and that all the* circumftances 
in the ptoceis of companion, Ihould be fi- 
milar. 

If we wifh for example to compare feveral 
kinds of indigo, we take an equal weight of 
each, powder them carefully, and put them 
into feparate matraffes, with eight times their 
weight of concentrated fulphuric acid : thefe 
are to be kept for twenty -four hours in a heat 
Of from thirty to forty degrees (too to 122 
Farh&nheit) for which purpofe a dunghill may 
be employed : each foiution is then to be 
diluted with a quantity of water, filtered, and 
the refidua found on the filters to be colle&ed* 
and ground in a glafs mortar, and again di- 
gefted with the addition of a little more fill- 
phuric acid : the laft folutions are alio diluted 
with equal quantities of water, filtered, and 
each added to its corrt:po»GiBg liquor ; fihatfy, 
to each foiution is added as much oxygenated 
mfiTiyyir- add as will dafcharge the colour, or 
rather bring than all to the Lame (hade of 
Q z yellow. 
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yellow. The qualities of the different kinds 
of indigo, are proportionate to the quantities of 
oxygenated muriatic acid required to deftroy 
their colour. 

The proofs of fuch colouring particles as 
are foluble in water, are much more Ample ; 
\t is only requifite after having exhaufted them 
as much as poffible, to mix oxygenated muriatic 
acid with equal bulks of the deco&ion of the 
fame weight of each fubftance, and to compare 
the quantity of acid required to bring them all 
to the fame hue. 

Whatever uncertainty may attend the em- 
ployment of the proofs prescribed by the regu- 
lations in many cafes, I am very far from 
condemning their ufe entirely ; for I fhould 
think it unjuft, that a colour which might 
ftrike us by a fugitive brightnefs, fhould be 
preferred to a ftanding colour, prepared at a 
much greater expence, and with a ftrift regard 
to honefty. 

How are we to reconcile the interefts of 
commerce, and the freedom! from reftraint 
which induftry demands, with the fecurity of 
the confumer ? This is a problem of difficult 
folution, and that' requires all the prudence of 
the legiflature ; and though a fubjefl foreign to 
jpy prefent purfuit, it is perhaps my duty to 

mention 
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mention the ideas which have occurred to me 
refpe&ing it. 

That part of the regulations which relates 
to black, ought, I think, to be retained, be- 
caufe the proof recommended is proper for 
determining whether the cloth has received 
a blue ground, and of what intenfity that 
has been. 

That which refpefts fcarlet, and the fhades 
approaching to fcarlet, ought to be fup- 
prefled, as taking it for granted, that pinks 
(langouftes) for example, are to be made with- 
out employing fuftic or other yellow ingre- 
dients, which is impoffible, or which at leaft 
cannot be accomplifhed, without incurring 
inconveniences as great as thofe which would 
arife from the fading nature of the colour of 
the ingredients. With refpeQ: to thefe colours 
I conceive we may truft merely to the beauty, 
of which every body is a judge ; becaufe we 
cannot fubftitute any thing for cochineal, with- 
out injuring the brightnefs of the colour. 

Soap is mentioned as the proof for greens ; 
but we thus profcribe the Saxon greens, which 
do not ftand this proof, but are efteemed on 
account of their brightnefs, though they are 
lefs durable than the greens dyed in the blue 
vat (bleu de cuve). 

Q 3 I fhould 
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I fhould wifh that all modes of dyeing were 
equally permitted, that the diftin&ion between 
grain and other dyers was abolifhed, as it can 
no longer be preferved, fince the ingredients 
allotted for falfe or mock colours, are now 
frequently employed for Handing colours, that 
each artift might give the greateft fcope to his 
induftry and fpeculations ; but that the public 
fhould be informed by a mark, of the colours to 
be relied upon as durable ; that confequently, 
thofe colours which had flood the teft of the 
proofs eftablilhed by law, fhould be marked 
with a lead, declaring them to be true or 
ftanding colours; whatever procefs might have 
been employed in dyeing them ; 

That thofe which fhould be offered *4 {land- 
ing or true colours, but yet fhould not be 
found capable of fuftaining the prefcribed 
proofs, fhould merely be referved for the trial 
by expofurfc to the air ; 
- That if they fupported the aflion of the air, 
as well as a pattern of the fame colour of 
known goodnefs, they fhould ftill be? marked 
with the lead as ftanding colours ; 

That in fuch a cafe, which would occur but 
very rarely, a chemift fhould be employed to 
prepare a proper reaftive for immediately dif- 
tinguifhing that kind of dye. 

I fhould 
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I fhould prefer to jqoft of the tefts which 
have been recommended, that of' the oxy- 
genated muriatic acid, which is »iore tople* 
more indicative, *nd more general, being ap- 
plicable to colours in filk, cotton, ^nd wool ; 
but I feofcld wife, l>fcfo*e it was adapted* that 
ite fcXc^Ufefcefc ih&uld be feftabli&fed, by a great 
number of trials tnadfc in prefencfe of feveral 
dyers and merchants, and that thfe conclafions 
drawn ffom "thetfi, wheft &i$ proof turned Out 
titrfkvdttttibk, Ibduld aifo be &&y pfovifiorial. 
Tte proofs prefcribed itt the regulations, may 
however be adva&tageoufly trmfi&y4& on cer- 
tain ftccafions : it is peflible to fcfcftder them 
mtore accurate ahd to direft their appli cation 
more judicidefly, tod I have not a fufficient 
confidence in the ideas which I have juft Rated, 
to decide, that better methods can be fubfti- 
tuted: thefe confiderations have determined 
me to mention them. 

In making the proper comparifon, whatever 
mode of trial we adopt, we ought to employ a 
pattern, of not only the fame colour, but one 
which is very nearly of the fame kind of (tuff. 

Cotton and linen fluffs, which are to be 
Icyed, mud be tried by means of alkalis. 

Q 4 INSTRUC 
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INSTRUCTION 



Refpeffing the Ufe of Proofs for Wool and 



S it has been found, that the method 



c< and other woollen goods, prefcribed by the 
M thirty-feventh article of the regulations for 
" dyers of true and ftanding colours, publifhed 
<c in Auguft 1669; and by the two hundred and 
f< twentieth and following articles of the gene- 
<f ral inftruftion of the 18th of March 1671, 
<f for dyeing wool of all colours, and for the 
" culture of the drugs and ingredients employed 
" in that art, is not fufficient to fupply the 
Cf means of forming an accurate judgment of 
" the goodnefs or badnefs of many colours, 
Cf and that this method may moreover fome- 
" times lead to error and give rife to difputes, 
<c various experiments have been made, by 
" order of his majefty, on the wools defigned 
" for the manufafture of tapeftry, in order to 
u afcertain the degree of goodnefs of each co- 
cc lour, and the proofs belt fuited to each. 

" For this purpofe, fine wools have been 
<c dyed of all colours, both in true and falfe 
" or mock colours, and have been expofed 



Woollen Stuffs. 




« to 
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« to the aftion of air and of the fun for a proper 
n length of time. 

<c The good colours were not at all changed, 
" whilft the falfe were more or lefs difcharged, 
cc in proportion to their degree of badnefs ; 
M and as no colour ought to be reputed good, 
" but in proportion to its power of refitting 
n the afiion of the air and of the fun ; this 
n proof has been the ftandard for deciding, 
" refpe&ing the goodnefs of different colours. 

c< On the fame wools, patterns of which had 
c< been expofed to the air and fun, different 
fC trials by proofs have been afterwards made, 
u and it has been immediately perceived, that 
" the fame ingredients could not be indifcrimi- 
<c nately employed as proofs for all colours, 
" becaufe it fometimes happened that a colour, 
u the goodnefs of which was ascertained by 
cc expofure to the air, was confiderably changed 
<c by the proof, while a mock colour refitted 
" the aftion of the very fame teft. 

u Thefe different experiments pointed out 
<c the inutility of lemon juice, vinegar, four 
€€ Water*, and aqua fortis, on account of the 
<f impoffibility of afcertaining the degree of 
" acidity of thefe liquors ; and it appeared to 
u be the fureft method, to ufe common water 

* Of this, fee the preparation, chap. xii. T. 

cc with 
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« with ingredient* of an uniform degree of 
" ftrength. 

* In purfuing this objeft, it has been thought 
u neceffary to divide all the colours of which 
a wool can be dyed, whether in grahvor other- 

* wife, into three claffe*, and' tiy determine the 
a ingredients to be emplbyed as pftoofs of the 

* colours comprehended in each.' 

t€ The colours of the firft clafs, are to be 
cc proved by romanalum; thofe t>F theffccond, 
" by white foap ; and thofe of the third, by red 

* tartar. ' 

cc But it is not fufficrent, with a view of 
" afcertaining the goodnefs of ' a J colour by a 
w proof, to employ for that purpbft, ingredients 
<f of an uniform power* it is likewife neceffary 
u that the durati6n of the operation, and even 
" the quantity of liquor lhottld be fixed; for 

* a greater or lefs quantity of water, confiderably 
" diminifhes or increafes the a&ivity of the in- 

* gradients. The proceffes for different proofs, 
f< fhall be what the following articles direft. 

ARTICLE I. 

ft The proof with roman alum fliall be as 
w follows: 

« A pint 
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u A pint of water with half an ounce of alum, 
cc mull be put into a pan or other earthen vef- 
" fel, which is to be placed on the fire, and 
<c when the water boils brifldy, the wool to be 
u proved muft be put into it, and left to boil 
" for five minutes ; after which it is to be takeji 
* out and waflied in cold water : the weight of 
" the pattern fhould be about a dram. 

ARTICLE II. v 

When feveral patterns are to be proved at 
<c the fame time, the quantity of alum and 
f< water muft be double or even triple, which 
. " will produce no change in the power or ef- 
u fe& of the proof, provided the proportion of 
" alum and water be obferved ; fo that there 
(( be always half an ounce of alum to each pint 
u of water* 

ARTICLE III. 

w The proof with white foap fliali be a3 
" follows: 

" Two drams of white foap, cut into finajl 
€c pieces, muft be put into a pint of water, 
u and when the veflel is fet on the fire, the 
49 water muft be ftirred about with a ftick, in 
3 c< order 
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w order to make the foap diflblve ; when it is 
" diffolved, and the water boils brifldy, the 
Cf pattern of woo! is to be put in, which muft 
Cf likewife be boiled for five minutes, reckon- 
€f ing from the time of putting it in, which 
" muft not be till the water thoroughly boils. 

A R T I C L E V. 

** When feveral patterns of wool are to be 
u proved together, the method prefcribed 
<f Art. IL muft be obferved ; that is to fay, 
w to each pint of water, two drams of foap 
u muft always be added. 

ARTICLE VI. 

<e The proof with red tartar, is to be made 
u precifely in the fame way, and with the fame 
cc quantities and proportions, as the proof with 
<f alum ; taking care, however, to powder the 
<c tartar well, before it is put into the water, 
Cf that it may be entirely diffolved before the 
u pattern of wool is put in. 

ARTICLE VII. 

rc The following colours muft be proved 
" with roman alum, viz. crimfons of all 

« lhades, 
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ff (hades, Venetian fcarlet, flame-coloured fcar- 
" let, cherry-coloured and other fhades of fcar- 
c< let, violets and gridelins, gris de lin, of all 
" fhades, purples, pinks (langouftes) jujubes, 
<f pomegranate flower, blues, flate grays (ar- 
" doi/es) lavender grays (lavand(s) violent s> 
" vineux % &c. 

ARTICLE VIII. 

<c If, contrary to the regulations refpe&ing 
" dyes, any ingredients for mock colours fhall 
fc be employed in dying fine wools of a crimfon, 
c< the deception will be eafily difcovered by the 
u alum proof, which only deepens the fine 
u crimfon, that is, gives it a gridelin jinge, 
w while it deftroys the lighter fhades of the 
w falfe crimfon ; fo that this proof diftinguifhes 
u with certainty, the mock from the true crim- 
u fon. 

ARTICLE IX. 

a The kermes or grain fcarlet, commonly 
*. called Venetian fcarlet, is not at all injured 
u by this proof; it deepens the flame-co- 
u loured or cochineal fcarlet to a purple, 
f< and makes the low fhades more intenfe, 

" fo 
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<f fo that they acquire a gridelin tinge. It 
" almoft entirely deftroys the falfe brafil fear- 
c< let, and reduces it to a colour refembling 
u the outer coat of an onion: on the deep 
" fiiades of this falfe colour, it produces a ftill 
<f more fenfible effeft. 

" The fame proof almoft entirely deftroys 
<c all the fiiades of the fcarlet dyed with bourre. 

ARTICLE X. 

* Although violet is not a firaple colour, but 
* is made up of {hades of blue and red, it ne- 
" verthelefs is fo important a colour, that it 
" deferves a particular examination. The 
" roman alum proof produces fcarce any ef- 
" feft on the fine violet, while it very much 
u injures the falfe ; but it is neceffary to ob- 
" ferve, that it does not always difcharge the 
cc colour of the falfe violet in an equal degree, 
u becaufe fometimes that colour has been pre- 
u pared by a ground of paftel or indigo, and 
€C this ground being a ftanding dye, is not re- 
ff moved by the proof ; the rednefs however is 
ff effaced, the brown fhades become almoft 
u blue, and the pale lhades of a difagreeable 

colour refembling wine lees. 



ARTICLE 
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Article xl 

€i With regard to the half grain violets, pro- 
u hibited by the prefent regulation, they are to 
« be clalfed with the falfe violets, and arc 
^ equally incapable of refilling the proof. 

ARTICLE XII. 

c< The good gridelins may be diftin- 
u guifhed from the bad in the fame manner, 
" but the difference is flight ; the former only 
" lofe a little lefs than tbofe dyed of a mock 
u colour. 

ARTICLE XIII. 

" The good purples ftand the proof by alum 
w perfe&ly, whereas the bad lofe the greateft 
" pajrt of their colour- 

ARTICLE XIV. 

c< The colours of langoufte (pinks) jujubes, 
" pomegranate flowers, will incline to purple 
" after the proof, if they have been dyed with 
* cochineal, but will grow confiderably paler, if 

« fuftic, 
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„ f p,. i* -f which is forbidden! has 

ARTICLE XV. 

« (frod blues, whether dyed with paftel or 
» *irfc in&go, lofe none of their colour, while 
» ihr mock colour is in a great meafure dif- 
* charged. 

ARTICLE XVI. 

* Slate grays (ardoifes) lavender grays (la* 
« vend(s) violent s % vineux, lofe almoft the whole 
* of their colour, when of the mock kind ; 
w but remain perfe&ly unchanged when good. 

ARTICLE XVII. 

f< The following colours are to be proved 
cc with white foap ; viz. yellows, jonquilles, 
f< lemon and orange colours, and all thofe 
<c lhades that incline to yellow ; all the ftiades 
" of green from the yellow green (pomona 
f< green) verd naiffant to cabbage and parrot 
Cf green (verd de perroquet) madder reds, cinna- 
Cf mon, and fnuff colours, and the like. 



ARTICLE 
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ARTICLE XVIII. 

€€ This proof fliews perfe&ly, whether yel- 
u lows and the fliades allied to them, are true 
€t or mock colours, for it carries off mpft of 
u their colour when they have been dyed with 
* french berries (graine d' Avignon) h > annotta% 
€C turmeric d , fuftick (fujlet) % or faffron, the ufe 
ff of which for true colours is prohibited ; but 
<c it does not change the yellows dyed with 
cf faw-wort (farette)*, dyers broom (geneftrolle) t % 
" bois jaune h , weld (gaude) *, and fenugreeks 

ARTICLE XIX. 

w The fame proof will alfo difcov-er com- 
u pletely the goodnefs of greens, for the mock 
u ones lpfe $dmoft the whole of their colour, 
u or become blue, if they have had a ground 
*' of indigo or paftel ; but thofe of the true 
u kind lofe fcarce any of the colour, and re- 
Cf main green. 

b !Uuii^nps i«f€aorius.---f-- c Bixa qrellana. d Curca- 

ma longa^i e According to the author, Rhus Cotinus, 

yide notes to pages 268 and 281, Vol. II. f Serratula 

tinftoria. <s Genifta tincloria. h Moras tincloria. 

Called by our botanifts and dyers fuftic*— K Refeda luteola. 
k Trigonella faenugrecum. T. 

Vol. I. R ARTICLE 
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ARTICLE XX, 

u Pure madder reds do not lofe any of their 
fc colour by the proof with foap, which even 
c< Tenders them more beautiful; but if brafil- 
c< wood has been mixed with it, they lofe co- 
c< lour in proportion to the quantity of it which 
%t has been employed. 

ARTICLE XXL 

fc Cinnamons, fnufF colours, and others of 
cc the fame kind, are fcafcely affefted by this 
f< proof, when good, but lofe much of their 
?< colour, if annotto, fuftic | or fonte de bourre^ 
* f have been employed. 

ARTICLE XXII. 

<% The proof by alum can be of no ufe and 
may lead to error with refpeft to many co- 
u lours of this fecond clafs, for it dpes not 
f f injure fullic or annotto, which cannot refill 
" the aftion of the air, but carries off a part 
" of th<e colour of faw-wort and of weld, which 
notwithftanding, give very good yellows and 
ff greens. 

ARTICLE 
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ARTICLE XXIIL 

€< All fawn and root colours are proved with 
c< red tartar : under this title are included all 
c< thofe colours which do not proceed from 
u the five primitive colours ; they are made 
a with walnut peels, walnut-tree root, alder 1 
" bark, fumach or roudoul, fanders and foot ; 
<c each of thefe ingredients affords a great num- 
* u ber of different fhades, all of which are com- 
" prehended in the general name of fawn or 
u root colour. 

ARTICLE XXIV. 

c< The ingredients mentioned in the pre- 
ff ceding article are all good, except fanders 
c< ancf foot, which are fomewhat inferior, and 
f< which make the wool harfh, when employed 
c< in too large a quantity : all that the proof 
u therefore can do in thefe x cafes, is to fhew 
u whether they have been overloaded with fan- 
u ders or foot, for then, they lofe confiderably 
" by the proof with tartar: and if they have 
€< been dyed with the other ingredients, or 
" with the addition of a moderate quantity of 
u fanders or of foot, they ftand much better. 

1 Rhamnus frangula. T. 

R2 ARTICLE 
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ARTICLE XXV. 

<c As black is the only colour which cannot 
w be referred to any of the three clafles above- 
€€ mentioned, fince it is necelfary to employ 
u a much more aftive proof to difcover whether 
a the wool has had a deep blue ground, agree- 
f< ably to the regulations, the proof is to be 
<c made in the following manner : ap ounce of 
fc roman alum, ajid as much red tartar, in the 
€< form of powder, are to be put into a pound 
c< or pint of water, and the whole made to 
<c boil, the pattern of wool is to be put in, 
f ' and a brilk ebullition continued for a quarter 
" of an hour, it is then to be wafhed in cold 
w water, when it will be eafy to difcern whether 
u it has had the proper blue ground, for if fo, 
<c the wool will remain of a blue colour ap- 
c< proaching to black, but if otherwife, it will 
" become very gray. 

ARTICLE XXVI. 

cc As it is cuftomary in fome cafes to brown 
" colours with galls and copperas, and as this 
" operation called browning, bruniture> which 
" ought to be permitted in dyeing durable co* 
" lours, may produce particular effe&s in the 
f< proofs of thefe colours; it is to be ob- 

cf ferved 
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fC ferved that though after the boiling, the li- 
<f quor fliould appear loaded with the dye, 
€< from its having carried off the browning, the 
" wool is neverthelefs to be confidered as dyed 
€C properly, if it has retained its body ; if on 
fC the contrary, it lofes its body, or its ground 
cc of colour, it muft be declared a mock co- 
" lour. 

ARTICLE XXVII. 

n Although the browning with galls and cop- 
* peras is of a durable nature, yet as it com- 
" monly renders the wool harfh, it is proper 
g€ rather to employ as much as poffible the ufe 
ic of the indigo or paftel vat. 

ARTICLE XXVIII. 

" The common grays dyed with galls and 
<c copperas ought not to be fubmitted to any 
" trLl by proofs, becaufe they are true co- 
" lours, and cannot be dyed otherwife; but 
" care muft be taken to gall them firft, and to 
<c add the copperas to a fecond bath not nearly 
w fo hot as the former, becaufe in this way, they 
u are rendered more beautiful and more fixe4 
" affures." 



R 3 SECTION 
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SECTION III. 

r 

Of Chemical Agents employed in Dyeing, 

CHAPTER L 
Of Acids. 

ACIDS are known by their fharp tafte, by 
their reddening the blue colour of fome 
vegetables, fuch as that of turnfole, and fyrup 
of violets, and by the effervefcence they occa- 
fion when mixed with calcareous e^rth and 
alkalis not in a cauftic ftate. 

A great number of acids are already known, 
and probably many more will be diftovered by 
phemifts, but we ftiall fpeak only of thofe 
which are ufed in dyeing, and we fliall defcribe 
only thofe properties, which it is neceffary tp 
know, in order to appreciate their aftipn or di- 
jefl their ufe in this art. 

ARTICLE I. 

Of the Sulphuric $r Vitriolic Acid. 

THE pure fulphuric acid is without finely 
Without cplpur ? tranfparent like water, and has 

an 
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*n un&uofity refembling oil, when it is concen* 
trated ; whence it has the name of oil of vitriol, 
an appellation which might lead to fome mif- 
^hievous miftakes refpe&ing its nature. 

This acid was formerly obtained from the 
fulphat of iron, or vitriol of iron, by diftilling 
it with a ftrpng fire, whence it had the name of 
vitriolic acid ; but at prefeitf, almoft all that is 
ufed in the arts, is obtained from fulphur by a 
much Iefs expenfive procefs. This acid is the 
refult pf the copabuftion of fulphur, which, while 
it burns, is combined with the baje of vital air 
or oxygen, which exifts in atmofpheric air, and 
in nitre, pf which laft a certain quantity is adde4 
% to the fulphur \ The mixture of fulphAr and 
nitre is inflamed, *nd the vapours are received 
in a chamber, the infid? of which is lined with 
.lead, and the bottpm of which is covered with 
water; the vapours which are eolle&ec}, and 
unite with the water, form fulphurie acicl, which 
is to beconfidered as fulphur completely burned. 

The fulphujric acid, on being taken from the 
leaded chamber, is not in a concentrated date, 
but is mixed with a certain fuperabundance of 

* Mr. de Morveau has pointed out a procefs in which 
aitre is difpenfed with (Encyclop. pag. 359.) ; and it ap- 
pears that a fimikr procefs is in ufc in England. Journal 
4c Phyf. Septcmbre 1790. 

R 4 watei^. 
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»i t ias the fmell of the fulphureous 
_\u »;ser iifiers from fulphuric acid in not 
^«nc unrated with oxygen ; it contains like- 
%.:c i itric nitrous acid, which comes from 
ite %crc which had been mixed with the ful~ 
wur. If it be expofed for foine time to the 
ar r aie fmell of the fulphureous acid is diffi- 
Meed; but to remove this fmell, and a part 
:cs water at the fame time, it is evaporated 
;» open veffels. 

A very fmall quantity of vegetable or animal 
fubftance gives the acid a brown colour, and 
what is met with in the market, is never quite 
limpid ; but it may be made fo, by boiling it 
a little while in a retort. By this operation, 
we take away at the fame time a portion of 
nitrous acid, which is met with in the common 
fulphuric acid, and a portion of water; it 
becomes colourlefs and tranfparent, and the 
concentration is proportioned to the quantity 
of water that has been diftiiled from it. If 
we wifh to have it perfeftly pure, it is ne- 
cclfary, after having feparated the firft portion 
which is weakly acid, to continue the diftillation 
to drynefs, when there remains a little alkali, 
which came from the nitre, and which is united 
with an excefs of fulphuric acid, a combination 
known by the name of acidulated fulpbat of 

pot-afh; 
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pot-ajb ; there is often found likewife a little 
fulphat of lead. 

For this rectification we ought to choofe a 
low necked retort, and to fix it well in the 
furnace, that • the motion which the ebullition 
of the acid occafions, may not break it. If 
this accident ftiould take place, it is proper to 
withdraw ourfelves to a diftance quickly, in 
order to avoid the fulphureous vapours which 
are evolved in abundance, when the acid falls 
upon the burning coals. 

The fulphuric accid attrafts ftrongly the 
humidity of the air, and to preferve it in a 
concentrated ftate, it muft be kept in veffels of , 
glafs clofely flopped. 

When it is mixed with water, a great degree 
of heat is produced, fo that the mixture muft 
be made gradually, left the veffel fhould break. 
To make the mixture complete, it is neceffary 
that the liquor be well ftirred with a glafs 
rod, for notwiftanding the ftrong attraflion 
of this acid for water, the difference in the 
fpecific gravity of the two fluids, is an obftacle 
to their mixture. 

The fulphuric acid highly concentrated, has 
a fpecific gravity nearly double that of diftilled 
water. When it is weak, that is, diluted with 

a good 
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a good deal of water, the fallacious name of 
Spirit oS vitriol is given to it. 

In order to obtain uniform refults, it is 
right to employ for the fame operations, fuU 
phuric acid of the fame degree of concentra- 
tion. Its fpecific gravity may be afcertained 
by the areometer of Farhenheit, but it is more 
expeditious, and it is fufficient to employ thayt 
of Mr. Baume, which is fo well known. 

The acid is to be put into a cylinder of 
glafs, and the areometer for falts is to be im* 
merfed in it ; the heavier the liquor is, the lefs 
is the areometer immerfed, and the degree of 
the fcale even with the furface of the liquor, 
points out the degree of concentration. Sixty- 
eight degrees of this areometer point out a 
highly concentrated fulphuric acid b . 

Hitherto we have ufed the fulphuric acid in 
dyeing, only to diffolve indigo, and for this 
purpofe, a very concentrated and pure acid is 
required ; but a good ^deal is employed to 
prepare cotton fluffs for printing, and in the 
bleaching of linen and thread, either by the 

b This degree, eftimated by one of thofe inftruments 
which I got from France, but the accuracy of which 1 
cannot anfwer for, correfponds to 1,840, the fpecific gravity 
of diftilled water being taken as 1000. T. 
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oxygenated muriatic acid, or by expofure on 
the grafs. It has not been yet ufed in France 
for this laft purpofe, though it has in England 
a long time, according to Dr. Home ; and the 
experiments which have been made in bleach- 
ing by the oxygenated muriatic acid, prove 
that it may be fubftituted for four milk, which 
is ufually employed in this country. 

For thefe laft purpofes, a very concentrated 
fulphuric acid is not required ; if then, we are 
in the neighbourhood of a manufafture of 
fulphuric acid, it is more advantageous to buy 
it before it has been concentrated, and to fave 
the expence of this operation ; but if at a 
diftance from fuch a manufafture, it. may be 
more advantageous, by leffening the expence 
of carriage, to purchafe it in a concentrated 
ftate. 

Sulphuric acid forms different compounds 
yith alkalis, earths, and metallic fubftances. 
In order to point out the acid principle in 
thefe compounds, the name of fulphats is 
given to- them ; thus the combination of the 
vegetable alkali or pot-afh, is called fulphat 
of pot-a(h. We ftiall hereafter treat particu- 
larly of the fulphats which are ufed in dyeing ; 
at prefent we ftiall mention two, the names of 
Which fpmetimes occur in works on that art. 

The 
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The fulphat of pot-afti or vitriolated tartar, 
has a bitter and biting tafte : it requires fixteen 
parts of water at fixty 4egrees of Farhenheit to 
diffolve it : it is contained in the afhes of 
many vegetables. Hellot confide red it from 
its fmall folubility, as proper for fixing colours 
in the pores of cloth ; but this opinion is 
unfounded. It has little a&ion upon the 
colouring particles. 

Sulphat of foda or Glauber s fait, is much 
more foluble than the former ; it efflorefces, 
that is, it parts with its water of cryftallization 
to the air, and affumes the appearance of flour. 
It is found naturally in fome fubterraneous 
places, and in fome waters, fo that it is ob- 
tained from the refidua of the waters, which 
are evaporated in the fait works of Lorrain. 
It is this fait which is ufually fold under the 
name of fait of Epfom ; but Epfom fait is a 
fulphat of magnefia and not of foda. 

The fulphat of lime, or the combination of 
lime with fulphuric acid, abounds in nature. 
It is this which forms gypfum, or plafter of 
Paris. It requires near five hundred times its 
weight of water to diffolve it, at twelve degrees 
of Reaumur (59 Farhenheit). 
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ARTICLE II. 

Of Nitrous Acid. 

CHEMISTS have given different names 
to this acid, according to the proceffes by 
which it is obtained from nitre; they have 
called what is obtained from a mixture of nitre 
and clay, aqua fortis ; what is obtained by 
diftilling nitre with fulphat of iron, Jpirit of 
nitre / and what is procured from a mixture of 
nitre and fulphuric acid, fmoking nitrous acid. 
Thefe diftin&ions are not made in trade, and 
the name of aqua fortis is equally given to this 
acid by whatever procefs it has been made. 
In faft, it is always the fame acid, and it 
differs only in its concentration and in its 
colour ; fometimes it is pale, fometimes red and 
fmoking : it owes its colour and property of 
fmoking to nitrous gas, which it holds in 
folution, as we ftiall explain hereafter. 

If we expofe the reddeft acid to a fufficient 
heat, the nitrous gas is feparated, and the acid 
becomes pale. It is in this ftate called nitric 
acid, and in its red ftate it is called nitrous 
acid. 



As 
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As there is no great confumption of nitrous 
acid in the art of dyeing, and as this is carried 
on very frequently at a diftance from any 
manufa&ures of the acid, it may be convenient 
and may fave expence, for the dyer to prepare 
it himfelf. I fhall on this account defcribe 
the procefs for obtaining it from nitre, by 
means of the fulphuric acid. 

We powder pure nitre, called nitre of the 
third boiling, becaufe it is the refult of the 
third cryftallization ; we put it with half its 
weight of ftrong fulphuric acid into a retort, 
which is chofen of fuch a fize, that it fhall be 
only half filled, fo that the matter during its 
bubbling, may not be forced into the receiver ; 
we fix to the neck of the retort a bent tube, 
the orifice of which, is large enough to admit 
the neck of the retort ; we introduce the 
extremity of this tube, which fhould have a 
much fmallcr diameter, through a cork, into a 
receiver with two necks ; to the other neck of 
the receiver, we fix a tube which is to be 
immerfed in a little water contained in a ma- 
trafs, which is to ferve as a fecond receiver. 
The joints of the retort with the firft tube, 
and of the firft receiver, fhould be fmeared 
and carefully flopped with a greafy lute, com- 
pofed of white clay and Hnfeed oil, which has 

been 
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been boiled with a little litharge (this lute 
Should be beaten for a long time in a mortar, 
to render it pliant and duflile) and then co- 
vered with flips of linen foaked in white of 
egg, and fprinkled with powdered lime. It 
is advantageous to ufe a tubulated retort, and 
to have the whole apparatus prepared, before 
the fulphuric acid is introduced by the opening 
in the upper part of the retort. 

The fecond receiver ftiould have a free 
communication with the air, in order that the 
Vapours, which could not be condenfed in the 
water, may efcape. The quantity of water put 
into the fecond receiver, fhould be propor- 
tioned to the quantity of acid we are preparing. 
The fire fliould be kept very low at the begin- 
ning, and ihcreafed flowly toward the end of 
the operation. The acid obtained in the fir ft 
receiver is highly concentrated ; that in the 
fecond, is weakened by the water in which the 
acid vapours are condenfed. The colour of 
the latter is green or blue : thefe colours are 
owing to the nitrous gas, and their difference 
•depends upon the proportion of water, fo 
that if a little water be added to what is green, 
it turns it blue ; if the gas be expelled by 
heat, the liquor becomes pale. The acid in 
the fecond receiver is always pure ; but that 
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in the firft fometimes contains fome fulphuric 
acid, which may happen when the fire has not 
been kept diffidently low at the beginning of 
the operation ; for I have frequently found 
that when the fire has been carefully regulated, 
the acid has been perfectly pure. 

It is of importance to examine the nitric 
acid prepared for fale, becaufe it often contains 
a confiderable quantity of fulphuric acid, either 
from the diftillation having been condufted 
carelefsly; or from its having been added pur- 
pofely, to increafe the fpecific gravity of , the 
nitrous acid. The examination is made by 
diluting a fmall quantity of it with diftilled. 
water, and adding a little of the folution of 
barytes or heavy earth in nitric acid. If any 
fulphuric acid is contained, , a precipitation 
takes place, becaufe the fulphuric acid feparates 
the barytes from the nitric acid, and forms 
with it an infoluble compound. The nitric acid 
may alfo contain muriatic acid, from the com- 
mon fait which is often met with in nitre. This 
mixture is not injurious in any of the operations 
of dyeing; if, however, we wifh to know, 
whether it exifts or not, the nitric acid is to be 
diluted with diftilled water, and a little of the 
folution of filver in nitric acid added ; if there 
be any muriatic acid, a precipitate is let fall. 

In 
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In order to free nitric acid from fulphuric 
acid, it may be rediftilled from a little nitre, 
or from a folution of x lead: the latter method 
alfo purifies it fro^n muriatic acid. 

The nitric acid may be employed for many 
metallic folutions, the ufe of which, as mor- 
dants, may be various ; but ' it is principally 
employed for making aqua regia, or the nitro- 
muriatic acid, which will be treated of in a fe- 
parate article. 

It is neceffary, in order to underftand a 
great variety of phenomena, that we fhould 
form a juft idea of the nature of nitric acid, 
ajld of its aftion upon other fubftances. 

The nitric acid is compofed of two fubftances, 
which, when feparate, afiume an elaftic, aeri- 
form, or gafeous ftate ; they are the two gafes 
which conftitute our atmofphere. One is in- 
capable of fupporting life and combuftion ; this 
is the azotic gas or f>blogifticated air : the other 
alone ferves combuftion, is the principal fouree 
of the light afforded by it, and maintains, in 
a remarkable degree, the life of animals that 
breathe it, whence it is called vital air : it 
is alfo called oxygenous gas, becaufe when it 
becomes fixed in many fubftances, it communis 
cates to them acid properties. 

Vol. I. S Azot 
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Azot and oxygen which have, loft their 
elafticity, and which are combined in favour r 
able circumftances, form the nitric acid ; but 
thefe two fubftances may unite in various pro- 
portions, and upon thefc proportions depend 
the different ftates in which the acid is ob- 
ferved. 

Azot completely faturated with oxygen, forms 
a colourlefs nitric acid ; the azot is then in the 
proportion of about a fifth part of the weight 
of the oxygen ; if the proportion of the azot 
be much greater, and nearly equal to that of the 
oxygen, nitrous gas is formed, which by itfelf, 
is in an elaftic ftate, but which may be diffolved 
in large quantity in the nitric acid ; this is the 
gas, which, by its folution, gives to the acid a 
colour of any ftiade from pale yellow to 
deep red, and changing into green and blue by 
the addition of water ; this gas attempting to 
efcape and to combine with the air of the at- 
ntofphere, produces the red vapours of the ni- 
trous acid. 

The nitric acid fometimes enters into combi- 
nation without being decompofed; this is the 
cafe, when it unites with alkalis and fome earths; 
fometimes it is decompofed, becaufe the oxygep 
is taken from it by another fubftance : this hap- 
pens with metallic folutions ; if the metal a&s 

, ftrongly 
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ftrongly upon the oxygen, it takes up thfc whole 
of it, and azot is feparated by itfel£ in the form 
of gas ; but commonly it takes only a part of the 
oxygen, and the other part forms the combina- 
tion which efcapes in the ftate of nitrous gas. 
hence arifes the effervefcence which the nitrous 
acid produces with metals. 

In like manner the nitrous acid may aft 
merely like an acid upon colouring fubftances, 
without ilndergoing any decompofition ; but a 
part of the oxygen is taken from it fooner or* 
later by thefe fubftances, and they then undergo 
changes, analogous to thofe which they would 
fuffer in combining with the oxygen of the at- 
mofphere, and which are thcrefult of a true 
combuftion. 

We fhould guard againft the prejudices 
which have prevailed, refpefting the vapours 
which are feparated by metals from the nitric 
acid, and the ftrength of this acid when it has 
become fmoking. It is eafy to make it fmoke, 
by adding a little iron, or any thing that can 
furnifh nitrous gas ; it mull have indeed a cer- 
tain degree of ftrength, to become fmoking, 
but, at the fame time, it may be very concen- 
trated, and have no colour. 

The nitrat of pot-afh is, as its name expreflcs, 
a combination of nitric acid with pot-aft). This 
S 2 fait 



222 ELEMENTS 0> THE 

fait is obtained from old mortar and artificiaf 
mixtures of rubbifh, in which it is formed by 
the concurrence of atmofpheric air. It has little 
a£lion upon colouring fubftances ; neverthelefs* 
it renders their colours a Utile more clear and 
lively. 

The nitrat of lime and that of magnefi* are 
among the faltsof earthy bafis, which are found 
in many waters, and, like thofe waters, tend to- 
give a deeper fhade to many colours. 

ARTICLE TIL 

Of the Muriatic or Marine Acid. 

THIS acid is commonly known under the 
name of marine acid, or fpirit of fait ; it has a 
peculiar fmell, refembling that of faffron when 
k is concentrated, it gives out white vapouTS to 
the air, which are produced by the combina- 
tion of this acid, with the water which is con-* 
t&ined in the atmofphere. When it is faturated 
with water, it ceafes to afford vapours ; it has 
^fually a yellow colour, but this is derived from 
a little iron ; when it is quite pure, it is colour- 
lefs as water. 

This acid is obtained for commerce, by di- 
ftilling fea fait with clay ; but it is then always. 

weak*. 
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weak. It is obtained likewife by diftilling fea 
fait with fulphuric acid. As it fetches fo high a 
price in N France, that a great part of that whith 
is fold at Paris, ami even fent to Lyons, comes 
from England; and, as we may be often at a 
confiderable diltance from the places in which 
it is prepared, I fliall defcribe a method by 
which it may be advantageoufly obtained. 

This procefs is very fimilar to that which 
has beefi defcribed for obtaining the nitric 
acid. I fliall content myfelf with pointing 
oat the differences. 

The retort to be made ufe of, Ihould be 
tubulated. The fait is introduced into it, and 
afterwards half its weight of fulphuric acid 
The upper opening fhould be flopped quickly ; 
the reft of the apparatus fhould be prepared 
before. It confifts of two bottles, into which 
a quantity of water, equal in weight to that 
©f the fait employed, is put ; but a» the vapour 
which is feparated, is very mifcible with water, 
a Vacuum is very apt to be formed, which 
occafions the liquor of the fecond, to pafs 
into the firft, and from this into the retort. 
To avoid thefe inconveniences, the firft bottle 
fhould be furnifhed with a tube of fafeguard, 
invented by Mr. Welter. This is a tube of 
^lafs of two or three lines diameter, one ex- 
S 3 tremity 
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trcmity of which reaches to the furfafe of the 
water which has been put into the bottle, and 
the other communicates with the atmofphere. 
This tube is introduced by a feparate opening, 
or ftill better, by one of the corks through 
which the tub" of communication pafTes. 

If a vacuum be formed, the atmofpheric 
air gets into the bottle ; but while the vapour 
is feparated, and preffes upon the liquor, this 
is raifed in the tube, until the weight of the 
column counterbalances the preflure of the 
vapour c . It fhould be carefully luted, becaufe 
the vapours of muriatic acid are very pene- 
trating, • and when they have made a paffage 
through the lute/ it is very difficult to ftop 
it. If however this accident happens, the beft 
method of remedying it, is to rub the place 
where the acid iffues with alkali, in order to 
faturate the acid, and to apply lute to it imme* 
jliately. We fhould wait till the efFervefcence 
produced by adding the fulphuric acid be over, 
before we put fire underneath the retort, which 
fhould be placed in a fand bath, and the fire 
fhould be kept very low, efpecially at the 
beginning of the operation. 

The acid in the firft bottle is very concen- 
trated and fmoking. It fometimes contains 

* Ann. de Chym. torn, ii. 

fulphuric 
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fulphuric acid, which is difcovered by diluting 
it with diftilled water, and adding a little of 
the folution of barytes, which produces & pre- 
cipitation. If we mean to purify it, it fhould 
be rediftilled from a little common fait. ■ 

The acid of the fecond bottle is much lefs 
ftrong ; if it be too weak for the purpofes it 
is intended for, it may be ufed inftead of water 
for a fecond diftillation : it has the advantage 
however, of being pure. 

Muriatic acid may be employed for various 
metallic folutions, which may be ufed as mor- 
dants ; thus the folution of tin or the muriat 
of tin, may be ufeful on many occafions. In 
order to prepare this fait, tin fhould be dif- 
folved by the affiftance of heat, in a ftrong 
muriatic acid, and the liquor ftiould be evapo- 
rated till all the fait which will cryftallize is 
feparated. Mr. Baume relates that he has 
prepared large quantities of this fait for print- 
ing linens. I do not believe that it is at prefent 
employed for that purpofe. The muriat of 
lime, and that of magnefia, afts ijpon colouring 
fubftances, as other falts of earthy bafis. 

The muriat of foda or common fait, which 
is obtained from fea and other fait water, has 
a remarkable a&ion upon colouring bodies ; 

S 4 in 
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in general, it tends to deepen their (hade and 
to render them more fixed. 

Sal gem is the common fait obtained from 
mines which are found in the bofom of the 
earth. 

Muriat of ammoniac or fal ammoniac, is 
compofed of muriatic acid and ammoniac or 
volatile alkali. A great quantity of this fait 
is brought from Egypt, where it is prepared ; 
it is manufa&ured likewife in many parts of 
1 j£urope. That which comes from Egypt is 
darker than what is made in Europe, and it is 
foiled with foot, fo that it is lefs pure, and 
confequently lefs fit for dyeing. Neverthelefs 
many artifts prefer it. Sal ammoniac diffolves 
eafily in water, and cryftallis&es by evaporation, 
in quadrangular prifms terminated by quadran- 
gular pyramids. Thefe cryftals have a flexi- 
bility, which enables them to bend in any 
direftion without breaking. Sal ammoniac 
renders colours in general deeper and more 
fatutated. 

Mercurial muriat or corrofive fublimate, is 
the compound of muriatic acid with mercury* 
containing a great quantity of oxygen. This 
preparation is made by various procefles, 
which all agree in combining mercury with 
oxygen, and uniting it in this ftate with muri- 
atic 
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atic acid. This fait a&s upon many colours, 
rendering them deeper, more dufky, and more 
fixed. 

It may be confidered as a general property 
of muriatic falts, to render colours deeper and 
more fixed. 

ARTICLE IV. 

Of Oxygenated Muriatic Acid* 

THE muriatic acid aflumes entirely new 
properties when it is combined with oxygen : 
ks tafte is rough, inftead of being acid ; its 
fmell is very penetrating ; it lofes with diffi- 
culty its ftate of gas, and does not combine 
readily with water : when water is faturated 
with it at a low temperature, it becomes folid. 
It has a powerful aftion upon colours, but 
different from that of acids. It at length 
deftroys them. 

We may eafily fatisfy otirfelves that thefe 
new properties depend upon the oxygen, or 
feafe of vital air, by expofing a phial filled 
with this liquor, to the light of the fun, fur* 
nifhed with a bent tube, which paffes unddr ah 
inverted jar filled, with water* For we fee 

fmall 
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fmall bubbles iffuing from all parts of the . 
liquor, and colle&ing in the jar ; and if this 
gas be examined, it is found to be vital air, 
or oxygenous gas, and the liquor which remains 
in the phial is common muriatic acid. 

I have defcribed d the procefs. by which 
great quantities .of oxygenated muriatic acid, 
for bleaching thread and linen cloth, are pre* 
pared, as well as the operations employed in 
the bleaching ; but there are cafes in which 
this acid may be ufeful in dyeing, and it may 
be forefeen, that the application of this power- 
ful, agent will become more general. I {hall 
therefore defcribe the procefs, by which a 
fmall quantity of this acid may be obtained, 
and where we do not mean to ufe the apparatus 
which is employed in preparing it for com- 
merce, a description of which is found in the 
Annales de Cbyjnie. 

A retort with a bent neck, or which has a 
bent tube fixed to it, ^muft be fitted to a bottle 
with three openings, to one of which the tube 
of fafeguard already defcribed, muft be fixed, 
and immerfed in a little water. In addition 
to the firft, which Ihould be fmall, three more 
bottles ftiould be employed, which fhould ftand 
one behind another and communicate by tubes i 

d Aim. Chym. torn, ii. 

i each 
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each tube of communication fhould open into 
the upper part of the bottle which precedes it, 
and into the middle of the bottle which follows 
it ; the three laft bottles fliould be almoft filled 
with water, and have each a tube of fafeguard, 
except the laft, which ought to have a free 
communication with the air. 

The retort fliould be tubulated ; or inftead 
of a tubulated retort, a matrafs may be em- 
ployed, which is made to communicate by a 
tube -with the firft bottle. All the tubes fliould 
communicate in the infide of the velfels by 
Hoppers, of cork, which fit well, and which 
ihould be covered very carefully with a greafy 
lute, or with one ftill more convenient, which 
is compofed of equal parts of linfeed meal, and 
almond pafte (pate d'amende) to which a proper 
confidence is given by ftarch. We may fee if 
the gas has got ifTue, by prefenting the mouth 
of a phial filled with ammoniac to the dif- 
ferent parts which are luted ; for if any vapours 
efcape, a white cloud is formed. 

When the apparatus is prepared, we introduce 
into the Tetort by its fuperior opening, or into 
the matrafs, five ounces of fea fait, and an ounce 
and half of oxyd of manganefe powdered, and 
well mixed with the fea fait ; we then add four 
ounces of concentrated fulphuric acid, pre- 

vioufly 
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*ioufly mixed with an equal quantity of water ; 
for this quantity of ingredients the three bottles 
(hould contain from twelve to fixteen pints 
of water (about fixteen quarts Englilh). 

At the beginning, the fire for the diftillation 
fecruW be very low, and it (hould be increafed 
flowly ; towards the end of the procefs the 
liquor fhould boil. We know when the opera- 
tion is nearly finilhed by the degree of heat com- 
multigated to the firft matrafs, which is intended 
to receive the unoxygenated muriatic acid. 

The liquor which is in the firft of the large 
bottles, is of a yellow green colour, it 
tntich ftronger than that in the fecond bottle ; 
that in the third is very weak. The mixture 
of the three liquors is fufficiently ftrong for 
moft operations. It {hould be kept in a bottle 
well flopped, and not expofed to the rays of 
the fun. 

The apparatus I have defcribed, as well as 
that I have propofed for operations on a large 
fcale, may be executed in different ways: 
thd chief objeft is to facilitate the combina- 
tion of the difengaged gas with the water, 
by extenfion of furfacc, by preffure, and even 
by agitation. 

The oxygenated muriatic acid, as has been 
already explained, may be employed as a teft 
2 of 



ART OF DYEING. 231 

of the durability of colours, and for comparing 
the goodnefs of colouring fubfiances of the 
fame kind. It is ufed for whitening the 
ground of fome printed linens ; it may be 
ufed to deftroy the colours of pieces which 
have fuffered fome accident in dyeing, or 
which have been fpoiled by keeping, and thus 
fit them for receiving a new dye ; but it leaves 
a yellow colour in wool and filk. Linens are 
completely whitened by it, unlefs iron entered 
the cqmpofition of the mordant ufed in dyeing 
them ; in which cafe they fliould be pafled 
through water acidulated by fulphuric acid. If 
the colouring particles have not been entirely 
removed, a weak ley will diffolve them. 

Someperfons ufe the oxygenated muriatic acid 
to brighten feveral colours, and to render them 
dear. I do not know exactly their method ; 
I only know that it is often ufeful in this cafe 
to employ oxygenated muriatic acid united to 
pot-alh. To obtain this fpecies of combination, 
from four to five ounces of common pot-afh 
ihould be difTolved in a pound of water, and 
only the botde which contains this folution 
is to be placed after the matrafs intended to 
receive the acid which is not oxygenated ; the 
alkali renders the abforption of the gas eafy. 
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ARTICLE V. 

✓ 

Of Aqua Regia % or tb* Nitro-muriatic Acid* 

THIS compound acid has received the 
name of aqua regia, becaufe it poffefles the 
property of diffolving gold, by fome ftyled the 
king of metals : but with regard to its nature, 
we ought to confider it as a mixture? of the 
muriatic and nitric acids, which combine their 
powers to produce folutions, that feparately 
they were unable to effeft. Tlieir mode of 
a£tion I have elfewhere explained c . 

The nitro-muriatic 'acid may be prepared 
cither by limply mixing together nitric acid 
and muriatic acid, or by diffolving ammoniacal 
muriat, or muriat of foda, in nitric acid. We 
might make ufe of other falts, nitre, or nitrat 
of pot-afli, for inftance, diffolved in muriatic 
acid, and employ many othei; proceffes, which 
it would be fuperfluous to mention. 

We fhall examine the nitro-muriatic acid 
chiefly with refpeft to the folution of tin, as 
that is the principal ufe made of it in dyeing. 

e Mem. del'acad. 1785. 

The 
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The dyers do not all prepare the folution of 
tin, to which they give the name of compo- 
fition, in the fame way : every one ha? his re- 
ceipt. The effe&s produced by the folution, 
however, are different, according to the man- 
ner in which it is prepared : it is of fpecial 
confequence therefore, that the fame artift pre- 
pare it always in the fame manner, in order 
to obtain uniform effefts, his obfervations on 
which, may ferve to guide him in his fubfe- 
quent operations. 

Several dyers ufe merely the common aqua 
fortis of the fhops, which is a kind of nitro- 
muri&tic acid ; as it is prepared from an im- 
pure nitre, which is mixed with a greater or 
lefs quantity of marine fait : this quantity, how- 
ever, being various, and the concentration of 
the aqua fortis alfo fubjeft to great variation, 
its effe&s muft be uncertain. 

Pure nitrit acid attacks tin with violence, 
and reduces it to an oxvd or calx, of which 
little remains diffolved ; fo that, if the aqua 
fortis fhould happen to be pure, the folution 
made with it would not be fit for ufe. Yet 
Mr. Vogler afferts f , that the nitric acid .is the 
bcft folvent of tin. Suppofing him to have 
employed pure nitric acid, I fhould endeavour 

f Crel. chcmifch. ann. 1785. 

to 
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to explain his opinion, which is contrary to the 
experience of every odier chemift, by the 
manner in which he treated the tin: this he 
reduced into plates, and, by the kind of harden- 
ing which he thus gave it, he defended it, as 
it were, from the too violent aftion of the 
nitric acid, and rendered it but little folublc 
in the nitro-muriatic acid; for, according to 
him, the latter diffolves it with difficulty, though 
every other chemift has found the contrary. 
Mr. Vogler obferved, that his nitric folution 
readily became a jelly : this is a confiderable 
inconvenience ; for the greater part of the 
jelly is precipitated in water, inftead of diffolv- 
ing in it. The formation of this jelly he pre- 
vented, by mixing with the nitric folution from 
a tenth to a fifteenth part of muriat of foda, 
or ammoniacal muriat diffolved in water : but 
he might as well have employed at once the 
nitro-muriatic acid, which eafily diffolves the 
tin, and is not liable to thofe inconveniences 
which occur when we attempt to make the 
folution with nitric acid alone. 

Hellot took eight ounces of nitric acid> which 
he mixed with an equal quantity of filtered wa- 
ter. In this mixture he diffolved gradually 
half an once of very white fal ammoniac, and 
two drams of pure nitre, and afterwards half 

an 
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an ounce of grain tin. Scheffer diffolved one 
part of tin in four parts of nitro-muriatic acid 8 . 
Macquer diffolved three parts of tin in eight 
parts of nitric acid, with which he mixed one 
part of fa} ammoniac and fix parts of water. 
Mr. Poerner put an ounce and half of fal am* 
moniac into a pound of nitric acid mixed with 
a pound of water, and in this liquor he dif- 
folved two ounces of tin. Mr. Guhliche mixed 
a pound of fuming nitrous acid with' a pound 
of water and two ounces of fal ammoniac, and 
this liquor he faturated with as rpuch tin as 
it could diffolve, adding it by fmall quantities 
at a time \ The proportion of tin in this qafe 
was more confiderable than thofe before men- 
tioned. 

It is obvious, that thefe folutions, which 
J have taken only from thofe who have written 
on the art of dyeing, muft have very different 
properties : in all, there is an eflential defe& ; 
die preparation is not conftantly uniform. To 
obviate this, it is indifpenfably neceffary to 
employ a pure nitric acid, and to afc^rtain its 
fpecific gravity by means of the ar£onj£ter. 
After mjujy trials, which it wo^ld ]be u{glefs 
to relate, the procefs by wfcich I have obtained 

« Eflai fur Tart de la Teinture. 
* Vollftandiges Farbe and Blaichbuch, &c. Band. ir. 
Vol. I. T the 
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the folution that gave me the mod beautiful 
colour with cochineal, both on wool and filk, 
and that will alfo keep the longeft without the 
formation of a gelatinous precipitate, confifts 
in taking nitric acid at thirty degrees 1 , dif- 
folving in it one eighth of its weight of mu- 
riat of ammoniac, adding by fmall portions an 
eighth of its weight of tin, and afterwards di- 
luting the folution with a fourth of its weight 
of water. 

A pure tin, fuch as that of Malacca, or good 
englifh tin, fliould be chofen, becaufe the! com- 
mon tin contains copper and. lead, each ofwhicb 
is prejudicial to the beauty of the colour. There 
is fome copper even in .the . fine englifh tin : 
but the common tin fometimes contains near 
half its weight of lead, and alfo, antimony 
and bifmuth k . The tin fliould be grained, by 
melting it, and pouring it into water agitated 
with a bundle of fmall rods. Thi$ operation 
< ought to be performed qautioufly, to prevent 
. the tin from fplaftiing about. : 
In general a fmall quantity of a blackilh. 

5 This I find by an experiment fimilar to that mentioned 
' page 212, makes the fpecific gravity of this acid compared 
with diftilled water as 1,240 to 1000. T. 

k Recherches fur l'E'tain ; par M M. Bayen & Chariard. 

fediment 



ART OF DYEINO. 



*37 



fitditnent is formed, from which it . is necelfary 
to decant the folutioti. 

The folutions which contain a large. propor- 
tion of tin are brown, and give deeper and.lefs 
bright colours : yet there are cafes in which 
they may be found the more ufeful ones. A 
folution highly charged with tin, that may be 
employed with advantage in certain cafes, may 
be procured by decoippofing in a retort, with 
a pretty ftrong heat, muriat of ammoniac, 
mixed with an equal weight of oxyd of tin; 
the refiduum is to be diffolved, filtered, and 
evaporated till it cryftallizes: thus cryftals of 
a triple fait, compofed of muriatic acid, am- 
moniac, and oxyd of tin, will be obtained. 
When this fait is ufed, a fmall portion of murU 
atic acid muft be added to the folution, to pre- 
vent the precipitation of the oxyd of tin. 

The folution of tin does not affeft colours 
by the proportion of metal it contains merely. 
When fal ammoniac, nitre, or marine fait, , has 
entered into the compofition of the aquaregia, 
. the liquor which is fupernatant after the pre-: 
cipitation of the colouring, particles is lefs acid, 
than when a mere mixture of nitric and muri- 
atic acids is employed: in the former, inftance, 
therefore, the liquor has lefs aftion upon , the 
ftuff, and upon the colour, thaji in the latter. 

J 2 Hence 
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Hence it follows, that when a folutioft Of tm 
is to be ufed, with a fubfttace, the colour of 
which is eafily affeftfed by acids, as madder or 
brafiUwood, we (feould choofe a folution of 
tin that would retain little excefs of acid, or 
life it only for the preparation of the ftttff. 

The art of dyeing does not poffefs another 
mordant capable of producing fuch advantage- 
bus effefts as the folution of tin. I fliall repeat 
the explanation I have given of its properties 
in the firft feftion. 1. The oxyd of tin has 
a great difpofition to quit its folvent to unite 
ekher with the ftiiff, or with the colouring par- 
ticles. . 2. It gives the colour a white bafis not 
Kable to alteration. 3. It produces no per* 
ceptibte Combufiion in the colouring particles 
moft difpofed to change of hue from that caufe, 
as thofe of futnach and galls. 

The folution of tin acquires a gelatinous con-> 
fiftence more or lefs readily. When this fcap- 
pens, the- dyfcfrs that the composition ha* 
turned. To avoid it y the preparation ^houM 
be inade but a little wSfe before it is ttfed. 
When the jelly is only beginning to form, thfc 
folution may be recovered by adding to It a 
folutton of marine fait. This inconvenience 
arifes from the tin's continuing to oxydate by 
means of the" oxygen which it attracts from 

the 
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the atmofphere, or receives from the nitric 
acid/ whence it becomes infolubie in the acid, 
and falls down. Heat favours this effe&s on 
which account the foiution of tin does not keep 
fc long in fumjner as in winter. 

Conftaot obfervation teaches, that a lefs 
lively and agreeable colour is obtained by em- 
ploying a foiution of tin made with rapidity 
and the difengagement of much vapour, than 
by ufing a foiution made (lowly and without 
effervefcence. The reafon is, that in the former 
cafe, # the tin acquires more oxygen, the fuper- 
ahpncUiU part of which is more difpofed to quit 
it, and to occafion a combuftion of the colour- 
ing particles. On this account we fliould prefer 
frefli folutions, made with caution, to old ones, 
however carefully prepared. 

Other folutions which may be of ufe in 
-dyeing, are made with nitro-muriatic acid. De 
la Folie has propofed that of bifmuth: and 
. though he begins to diifolve the metal in nitric 
acid, it is a combination of it with the nitro- 
muriatic acid which is formed in the procefs, 
by means of the marine fait employed. The 
foiution in nitric acid alone could not be made 
ufe o£ becaufe as foon as it is mixed with water, 
the metallic oxyd precipitates, fo that it fepa- 
•T j rates, 
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rates, before it is able to unite with the colour- 
ing particles. 

According to the defcription given by Mr. 
Dambournay of tlrs procefs, which he has fre- 
quently employed *, one part of bifmuth is to be 
diffolved in four parts of nitric acid, this folution 
is then thrown into the bath, which contains 
% tartar, and a folution of marine fait is poured 
in at the fame time. 

I have found, that, whether the folution of 
bifmuth be made immediately in aqua regia, or 
the folution in nitric acid be mingled with a 
folution of marine fait and tartar, a confiderable 
precipitate is always formed on mixing it with 
water, though lefs th^n ^hen water is mixed 
with the fimple fohition in nitric acid. I have 
alfo remarked, that the precipitate formed by 
this folution with the decoftions of colouring 
fubftances had an unequal colour and fpeedily 
grew brown. 

y ARTICLE VI. 

Of Tartar and fome other Acids* 

T A R T AR is a fait depofited on the fides of 
calks, from which it is afterwards feparated. It 

1 Recueil de procedes k d' experiences fur les Tjsintujes folides, 

is 
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k naturally mixed with impurities, depofited at 
the fame time with it ; and when it is feparated 
from red wine, it retains a confiderable portion 
of the colouring matter of the wine, whence it 
is diftinguifhed by the name of red tartar, 

Tartar is purified at Montpellier and at Ve- 
nice, by different procelfes. At Montpellier, 
it is diffolved in water, and cryftallized by re- 
frigeration. The cryftals are boiled in another 
veffel, with the addition of five or fix pounds 
of white argillaceous earth of murviel to each 
quintal, and by evaporation is obtained the pu- 
rified tartar, cream of tartar p , acidulous tartar of 
pot-ajb. The l&ft of thefe names points out 
the nature of the fait, which confifts of a pecu> 
liar acid combined in excefs with pot-afh. All 
the acid may be feparated from the alkali by 
means of lime, which has a greater attra&ioi) 
for it than the alkali has, and forms with it a 
fait fcarcely foluble, whilft the alkali remains 
in the liquor. If, inftead of lime, carbonat 
of lime be employed, the acidulous tartar will 
be deprived only of the excefs of acid, when a 
truly neutral fait, tartrite of pot-q/b % vegetable 
falt % may be obtained by cryftallization. 

The procefs employed at Venice, confifts, 
according to the defcription of it given \>y 
T 4 Mr. 
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Mr. Defmarets in firft, drying the tartar in 
ifOh pots : fecondly, pounding it, and diffolving 
it irt hot water ; when, by refrigeration, eryftals 
6f a purer tartar are obtained : thirdly, in re- 
diffolving thefe eryftals, and clarifying thfe fo- 
lution with whites 6f egg* and aflies. 

In the latter procefs, the alkali of the afhes 
muft decompofe a portion of the acidulous 
tartar ; thfe calcareous earth mud alfo effeft a 
deeompofition ; and tartrite of prit-affi, or ve- 
getable fait, muft be produced at the end i>£ 
the evaporation. 

The Acidulous tartrite of pot-afll, &t cfeam 
of tartar* always retains a fmall portion of 
calcareous tartrite. 

An ouhce of water, at ten degrees of Reau- 
Mttir (541 Farh.) diffolves only four graintfof this 
(kit ; but boiling water cliflTolves much more. 

The acidulous tartar of pot-afh* Which, 
throughout this work, I (hall generally call by 
thfe fimple name of tartar^ is much ufed irt dye* 
ihg. It is indifpenfkbly neceffary to eiftploy 
that which ifc purified, for delicate colours, and 
it is bfcft to ufe it in all cafes. In feme pro- 
ceffes rfcd tartar his befcti recommended, On the 
fuppofitioh, that its colour tyOUld contribute to 
that intended to be givert to the ftuff j but o# 

m Journal de Phyfiquc, 1771. 

diffolving 
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diffolving the tartar, its red. particles feparate, 
and (hould b* confidered a$ prejudicial im- 
purities. 

Ther€ is another fait ,whidh bears Jbme ana- 
logy to tartar, and which would perhaps pro- 
duce good eflfefts in many cafes ; this is the 
atiduims oxalate 9/ foUafh> or fait of forrel, ex* 
tra&ed from the juice of forrel, in Switzerland 
and in feme parts of Germany* Scheele has 
fheWn, that th£ acid of this fait is the fame 
with that obtained from fugar, and feveral ani- 
mal and vegetable fubftances, by treating them 
with nitric acid ; but it is found combiried in 
excefs with alkali. 

Pure oxalic acid forms an infoluble fait with 
Calcareous earth, with which it has more affinity 
than any other acid, on which account it is 
proper for dete&ing the prefence of calcareous 
earth in liquids, particularly in water. The 
acidulous oxalate of pbt-afli may alfo be em- 
ployed for this purpofe ; but the circumftance 
which may render it ftioft ufeful* is its property 
of readily diffolving the oxyds of iron, and 
difcharging the Qtots produced by them. 

Vinegar, or thfe acetous acid, is too well 
kftown to require bfcing noticed. Mtfft vege- 
table fubftances afford a weak acid liquor, if 
left to ferment, and diluted with a fufficient 

quantity 
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quantity of water : but as it may be of im- 
portance, on many .occafions, to procure an 
acid liquor of a certain ftrength readily and at 
a fmall expence, I fhall relate an expferiment, 
defcribed by the illuftrious Mr. de Morveau, 
on the acid obtained from wood by diftillation 
to which has been given the name of pyrolig* 
neous. Nothing more is neceffary than to 
diftil fmall bits of very dry beech wood, in an 
iron retort, in a revcrberatory furnace, and to 
re&ify the produft by a fecond diftillation, or 
at leaft to change the receiver, as foon as the 
oily part begins to rife, which is eafily per^ 
ceived, by its imparting a deeper colour to the 
acid. Fifty-five ounces of very dry chips of 
beech, afforded feventeen ounces of reftified 
acid. 



CHAPTER II. 
Of Alum f or Sulphat of Alumine* 

ALUM is of fuch extenlive ufe in the arts, 
and particularly in dyeing, the greater' 
part of the phenomena of which are found to 
be conne&ed with its properties, that it is ai* T 

n Encyclop, method, t. i f au mot acid* lignipe.. 

obje6l 
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objeft of ho fmall importance in commerce* 
The mahper in which it is manufa&ured has 
therefore a claim to our attention, and I ima- 
gine it will not be ufelefs, to fpeak of it at fome 
length. 

What we call alum, is a fait compofed of 
fulphuric or vitriolic acid, and pure argil. To 
the latter has been given the name of alumine, 
from its property of forming the bafe of this 
felt. According to Mr. Kirwan, one hundred 
parts of alum contain about twenty-four of 
acid, eighteen of earth, and fifty-eight of water, 
which may be driven off by heat, without de- 
compofing the faline combination. 

This fait is found in fome fprings of mineral 
water: it efflorefces on the furface of fchifts, 
in coal-mines, or on lava in the neighbourhood 
of volcanos, and on many rocks: but the 
greater part of the alum made ufe of, is pro- 
cured from ores, or manufaftured by artificially 
combining alumine with fulphuric acid. 

Alum is mentioned in the works of the 
ancients, and that of Melos was particularly 
celebrated amongft theCreeks • ; but the learned 
Bergman b imagines, that the alum of the an* 

* Voyage du jcunc Anacharxis, t. iv. 

b Bergman de confc3. alum, ofufc. <vpl. #. This diflertation 
was written in 1767. Mr. Beckmann maintained the fame 
opinion in the Gqttingea memoirs, 1778, 

stents 
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dents was a native fubftance, that differed 
greatly from the fait which we call by that 
name ; and that the fpecies of alum of which 
Diofcorides {peaks, were rather ftalaftites, 
which might indeed contain alum, but only in 
a fmall quantity, and mixed wijh other vitriolic 
fobftances. Nothing can be concluded from 
the defcription of Pliny, which is taken only 
from inaccurate relations. 

Factitious alum was firft known in the Eaft : 
we cannot tell precifely when or where it be- 
gan to be fabricated. One of the moft ancient 
manufactories was that of Roche, a city of 
Syria, now called Edefla ; whence arofe the 
appellation of roch alum, ftill, by an abufe of 
words, applied to alum in cryftallized mafles. 
Jn the fifteenth century, this art was carried 
into Italy, from which country it fpread into 
Germany and the reft of Europe. 

At the Solfatara, near Naples, is found an 
alum ore, under the form of a white earth. In 
this ore, alum is produced by the aftion of ful- 
phureous acid, difengaged by the heat of the 
volcano, or argillaceous lava. This requires 
only to be diffolved and cryftallized. 

The pureft of alum ores, is that of Tolfa, 
near Civita-Vecchia. It is compofed, according 
to Mr. Monnet, who firft analyfed k, of forty 

parts 
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parts irf fulphur, fifty parts of day, that iu 
mixture of argil and ftficeous earth, a' fmatt 
quantity of earbonat ofvfiouafh, and at very 
fmall portion of iron. BergiMn has alfo stoa- 
lyfed it, arid gives nearly the Tame proportions* 

The other ores from which alum is obtained, 
are fchifts, ifcore of lefs pyritdiis, and more oar 
kfs bituminous. Thofe whifch are too pyritous, 
ought to be rejefted,' becaufc they afford an 
alfcm containing much fulpbat or vitriol of iron, 
from which they cannot eaflly be freed. 

The operations by which alum is obtained 
from thefe ores, when it is hot found ready 
formed in. them, as at the Solfaftara; havi'for 
their objefts alumination, or the formation* of 
the alum, the extra&ion of the alum, and its 
cryftallization. 

Moft of the ores alumittiie, f When expofed to 
the air and rain, without pre^&patioft ; but thofe 
which contain too much bitumen, or too&uch 
fulphur, require to be roafted before they ane 
expofed to the aftion of air and moifture ; and 
this operation accelerates the formation of alum 
in all. 

Alumination confifts in the combination of 
oxygen, which, uniting with the fulphur, con- 
verts it into fulphuric acid, as Mr. Lavoifier 
lias fhewn : but it is in general, fulphat of iron 

that 

2 
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that is formed, which, acquiring art excels. of 
oxyd by expofurc to the air, is decotapofed Jjy 
the alumine. We know not any pre, except 
that of Tolfa, in which the acid Appears to 
combine immediately with the alumine. ; 

When the alum is formed, the ore m\ift be 
lixiviated, and the lixivium muft be evaporated, 
till it is in a proper (late for affording cryftals.' 
Thefe firft cryftals are wafhed; ,rediffolved in 
a very*fmall quantity of boiling w^ter, and the 
folution poured into, a kind of cdjfk, the ftayes 
of which are afterwards loofened, ; that the mafs 
of alum formed in }t may. be extrafted. 

The refiduum of the cryft^llizations is mixed 
with a greater or lefs quantity of jfehe folution ^of 
the ore, and evaporated till it is in a fit ftate 
for cryftallization ; and thus the workmen go 
onj adding the refiduaof the preceding cryf- 
tallizations to frefh folutions of the ore. 

There are here two effential circumftances 
to be obferved : the firft, that the folution ob- 
tained from the ore of alum, contains an excefs 
of fulphuric acid, according to the obfervation 
of Bergman ; the fecond, that fulphat of iron 
is always found in it, in greater or lefs quan- 
tity, and that this metallic fait remains chiefly 
in the refidua of the cryftallizations ; for, 

according 
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according to Mr. Monnet, it' cannot form mixed 
cry dais with the alum. 

The excefs of fulphuric acid tends to prevent 
the cryftallization of the alum, fo that, if it be 
not abforbed, a confiderable quantity of the 
fait will be loft. It is with this view, ihat fome 
add to the liquor, pot-afti ; others, putrid urine, 
which contains ammoniac. The latter 'ought 
not to be "employed, becaufe, according to 
Bergman, the alum produced by it,- has jhe 
effeft of altering colours. That learne;d che- 
mift propofed to faturate the- excefs* of acid 
with argil, which would not only abforb the 
acid, but, at the fame time increafe the quan- 
tity of alum. Mr. Chaptakafferts, that this does 
. not fulfil the intention : he Jays, that the^alum 
itfelf diflblves an excefs of argil, and: lets it 
fall at the end of the evaporation; that their, 
there is obtained only a granulous precipitate, 
'without any appearance of cryftals ; or, if we 
fucceed , in procuring a cryftallization of the 
alum, without adding an ialkali, the cryllals 
have neither the fame hardnofs, nor the fame 
weight, as they have in .common c . . Mr, De- 
croizille is of opinion, that the alkali contri- 
butes to thp cryftallization of the alum, not by 
fubtra&jng the acid, but by the combination 

r Ann, dc Chyra. t» iii, 

which 
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which takes place between the fulphat of pot* 
afh and fulphat of alumine ; and he informs me, 
that he obtained this cryftallization equally 
well, by employing fulphat of pot-afh inftead of 
alkali. 

Iron is fomctimes found in a confiderable 
quantity in alum, to which it is very prejudi- 
cial, particularly if.it be ufed for lively and 
bright colours. This mixture might be avoid- 
ed, by fetting afide the refidua, called mother 
waters, which are ufually mixed with the li- 
quors for cryftallization. From thefe refidua, 
which frequently contain alfo fulphat of mag* 
nefia and other faline fubftances, alum of an 
inferior quality might be procured for other 
ufes mentioned by Bergman. 

The alum of Tolfa, or roman alum, is ge- 
nerally preferred to every other kind. Its fu- 
periority confifts, according to Bergman, in its 
containing much lefs iron : but by a careful 
cryftallization, and not mixing with the folu- 
tions of the ore, die refidue of the preceding 
cryftallizations, other kinds of alum may be 
rendered even fuperior in quality. The romar 
alum contains a fmall portion of iron, in 
peculiar ftate, to which is owing, accordir 
to the fame chemift d , that rofy tinge by whi 

* Opofc. t. iii. de prod, volcaxu 
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it is diftinguifhed. An alum is jrefjurgfl at 
Brunfwick, to which the fame tinge js inv: 
parted by means of a fmall portion of cobalt* 

Mr. Decrpizille is of opinion, that the 
roman alum differs from other kind§, and 
particularly from the Englifh, in ^cpntaiaing 
much lefs fulphat of pot-afh, and a, larger 
portiQn of alumine. He has precipitated .the 
alumine from englifh and rpman altim with 
carboha,t of foda, and found, that the latter 
required one third more han the former. 

As good alum ores are fcarce in France* 
endeavours have been made to fupply their 
deficiency, by a dire ft combination of the 
fulphuric acid wi.h alumine. 

Common clay is a mixture of alumine, or 
that earth which conftitutes the bafis of alum, 
and liliceous earth, nf very various propor- 
tions. It contains alfo more or lefs iron, 
and other kinds of earth. We fliould choofe 
then.,jfye pureft cUys> that is, thofe which 
contain the leaft iron and calcareous earth. 

Mr- Chaptal, having found, after many 
, trials, that this procefs was top expenfive to 
be purfued with advantage in the province of 
J^nguedoc, has fought after more fimple and 
CRCpjjoipical, methods. 
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He forms into balls of five or fix inches 
diameter a clay, which is carefully fele&ed. 
Thefe he calcines, breaks to pieces, and ex- 
pofes to the vapour of fulphuric acid, at the 
moment of its formation, in a large chamber, 
conftru&ed of wood coated with varnifh, which 
he fubftitutes to the common ones of lead 
The clay thus impregnated with fulphuri& acid 
he leaves 'for fome time under a ftied ; then 
lixiviates it, and proceeds to the cryftallization. 
Far from making a fecret of a manufa&ure 
which required many expenfive trials, Mr. 
Chaptal has given a defcriptidn of it, to be 
found in the memoirs of the academy for 
1788, an abftraft of which has been inferted 
in the third volume of the Annates de Cbymic. 

Mr. Decroizille, who has paid great atten- 
tion to the manufafture of alum, allures me, 
that he is in po(Teffion of a method of com- 
bining the earth with fulphuric acid, much more 
Ipeedy and ceconomical than Mr. Chaptal's ; 
and that he hopes France may .foon have na 
further occafidn to import alum, of which £he 
at prefent procures a confiderable quantity frpm 
foreign countries. 

It appears, that in the choice of alum there 
are two principal objefts of inquiry : Firft, 
Does it contain iron? To find this, the 
• 2 J infufion 
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infufioh of galls may be employed, which 
wiH give a black tinge to a folution of the 
alufti, if there be iron in it. Secondly, 
Does it contain much alkali in the form of 
fulphat ? The method employed by Mr. De- 
croizille may be recurred to for the purpofe 
of afcertaining this, taking true roman alum 
for the fubjeft of comparifon. 

Thirty parts of water at the common tem- 
perature, are required to diffolve one of alum, 
according to Bergman, and of boiling water 
three parts are fufficient. 

Alum is decompofed not only by alkalis, 
but even by the carbonats of lime and mag- 
nefia: yet it is to be obferved, that even 
alkalis take away only a part of the acid, the 
precipitate retaining nearly half of it, and 
being a fait with a deficiency of acid, as Mr. 
Baume has fhewn. 

If this precipitate be diflblved in an acid, as 
the nitric acid or muriatic, this acid feizes 
the excefs of alumine, and re-eftablifhes the 
proportions which conftitute alum : fo that by 
evaporation we obtain cryftals, which appear 
different from thofe of alum, but, on a careful 
examination, their forar appears referable to 
one of the varieties of the cryftals of that fait. 
This I have afcertained on cryftals prpcared 
U 2 from 
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from a folution of die precipitate of aluth in 
nitric acid, which I requefted Abb£ Hauy to 
examine : I alfo Satisfied iwyfelf, that it was 
the fulphuric acid which entered into the 
compofition of thofe cryftals. The alumine 
may be deprived of the acid which it retains 
when precipitated, by digefting it in a folution 
of fixed alkali, or of ammoniac : in this cafe 
no cryftals will be obtained from its folution in 
the nitric or muriatic acid. 

Lime and cauftic alkalis, mixed with the 
folution of alum in certain proporticais, deter- 
mine that fait to aflume a cubical form, which 
phenomenon was, I believe, firft defcribed by 
Mr. Sieffert', and has given occafion to many 
interefting obfervations from Mr. le. Blanc f .; 
but the fpecies of combination formed in 
thefe mixtures, and the proportions it admits, 
have not yet been ascertained. It appears, 
that the lime and alkali united with the alum, 

« Siefferts Verfuch mit einheimifchen Farbematcricn, &c. 
J775* 

Mr. Sieffert quotes a diflertation on cubic alum, which 
he publilhed in the Hamburg magazine. To obtain th» 
cubic alum, he directs twelve parts of common alum to be 
mixed with one part of lime flacked in the air, to diflblve 
the mixture in boiling water, and to evaporate (lowly. 

f Journ. de Phyfique, 1788. 

facilitate 
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Jtoilit&te'thc feparation of the alumine, and 
tsortfequently 'its combination with the fub- 
4tamte$ fubmitted to die procefs of aluming. 
-This procefs. is employed with fuccefs in dyeing 
linen and cotton. 

' I' have a few ttiQre remarks to add on the 
•cortibinatiofi of the colouring particles with 
aluuiinc, and of alumine with the alkalis. 

It would be fuperfluous to repeat here the 
manner in which alum aBs in the proceffes of 
dyeing ; as in the theory I have laid down, I 
have particularly called the reader's attention 
Co that fubjeft. 

The name of lake is fometimes given to the 
combination of colouring matter with alumine, 
obtained by mixing alum with a folution of 
colouring matter, and adding a proper quantity 
of alkali to effeft or complete the precipi- 
tation. The term lake, however has feveral 
fignifications : it originated from an extraft of 
lac, a colouring fubftapce, of which I fhall 
treat in the fecond volume : it was afterwards 
applied to dry paftels coloured with lac, for 
the ufe of painters ; and at length to dry 
paftels and powders of various colours, and 
different natures. 

■ Alumine dilfolves pretty copioufly in pure 
or cauftic alkalis, efpecially if aided by calci- 
U 3 nation. 
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nation. Macquer paid great attention to this 
folution, and confidered it as a very advan- 
tageous mordant, particularly for dyeing cotton 
with madder 1 . I have repeated *nd varied 
his experiments, but I confefs, that I have 
been far from , fucceeding in the degree he 
profefles to have done : it even appeared to 
me, that the colouring particles have too great 
an attra&ion for the alkali to feparate from it, 
and fix in fufficient quantity on the fluffs, 
from which the alkali itfelf has the property 
of taking them. On this fubjeft, however 
I fufpend my opinion, becaufe' I find Mr. 
Hauflman alfo,. whofe authority is of great 
weight, confiders the combination of alumine 
and pot-afh, which he ftyles al amine of pot* 
afli, as well calculated for the purpofe of a 
mordant b . 

t In a memoir not publifhcd, which he read at a meeting 
pf the academy. 
h Lettre de M. Hauflinan. Ann. de Chjrm, torn. V& 
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CHAP. III. 
Of the Sulphat of Iron, or Martial Vitriol. 

r T^ H E fulphat or vitriol of iron, martial 
vitriol, green copperas, is cryftallized in 
rhombs, of a beautiful green colour, transpa- 
rent when recently cryftallized. In a hundred 
parts, it contains twenty-four of fulphuric 
acid, twenty-four of iron, and fifty-two of 
water. 

The fulphat of iron may be made dire&Iy 
with iron, and fulphuric acid diluted with a 
certain quantity of water. This folution ex- 
hibits phenomena far from unintereRing to the 
chemift, but which it is not our bufinefs to 
confider at prefent. The fulphat of iron formed 
in this manner, bears a price which does not 
permit it to be employed in the arts, and 
nature furnifhes us with means of obtaining it 
at a much cheaper rate. 

Native fulphat of iron is found in coal- 
mines, in the cavities of pyritous ores, and 
in fchifts : but the greater part of what is con- 
fumed, is obtained from martial pyrites. 



Pyrites 
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Pyrites are ftones confifting of oxyds of 
iron, fulphur, argil, Cliceous earth, and fome- 
times calcareous earth, in various proportions. 
The formation of the fulphat of iron in thefe 
ftonefc ' is effected by expofing them a confi- 
derable time to the aftion of the air and 
moifture; or by roafting ih'em iri the open air, 
and leaving them afterwards expofed to its 
aftiori. It is even neceflary fometimes to 
tf£p£*t this operation. The fulphat, when 
formed, is obtained by lixiviation and evapo- 
tttiotf. 

Sulphat of iron is alfo prepared with mineral 
waters, which hold copper in folutioh. The 
topper is precipitated by means of iron, 
and the fplution, which ft ill retains a fmall 
portion of copper, is made to cfyftallize. 

The fulphat of iron of Goflar, commonly 
contains a little zinc ; that of Hungary, and 
that of Saxony, a little copper \ The fulphats 
of England and of France are more pure. 
*Tftefe; however, Ibriietimes contain alum ; 
particularly the latter. 

Sulphat of iron fnight be made, free from 
copper or alum, if care were taken to keep 
pieces of iron ih the evaporating veffel, as 

• Kirwan's Mineralogy, 
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Mr. Morinet advifeS h ; fince iron has the pro- 
perty of precipitating both copper and the bafe 
of alum. It appears, ihit th£ fuperiority * of 
the englifh vitriol is o^ing to this precaution, 
which is obferved alfo in the two manufa&ories 
ilear Alais e . There is only zinc which will 
not be precipitated in this way ; but that is 
feldom found in fulphats of iron, and never in 
any quantity. 

The cdpper contained in many forts of ful- 
phat of iron, appears not to be prejudicial to 
the black dyes, for which this metallic fait is 
chiefly employed. If, however, it be required 
to free them from it, it may be done by keep- 
ing plates of iron for twenty-four hours im- 
merfed in a cold folution of the fait, when 
the whole of the copper will be precipitated oh 
thefc plates. Cryftallization is incapable of 
producing the effeft, becaufe, as Mr. Monnet 
obferves, the fulphats of iron and of copper 
form a mixed fait, and will not feparate. 

Alum is probably more detrimental to black 
than copper ; for when a black ftuff is boiled 
With that fait, it difcharges the colour by 
diffolving it. It is apparently on this account, 

* Traite de la Vitriolifation. 

* Chaptal s Elements of Cbcmifby, toL iL 

that 
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that the englifh vitriol is fo much efteem- 
ecL 

Sulphat of iron may be freed from alum 
alio, by keeping it fpme time in digeftion with 
iron filings : but this decompofition is more 
difficult and lefs complete, than that of the 
fjilphat of copper. 

It is only from want of care in the cryftal- 
lizaiion however, that the fulphat of iron 
retains alum : for, as obferved by Mr. Monnet, 
tbefe two falts cannot combine into mixed 
cryftals, fo that they may be feparated by a 
careful cryftallization. 

When fulphat of iron is kept long expofed 
to the air, it tarniflies and becomes yellowiOi : 
its folution grows turbid by boiling, a part 
of the iron is precipitated in the form of a 
yellow powder, and it lofes the property of 
forming cryftals. Thefe phenomena are owing 
to the iron attracting oxygen, or the bafe of 
pure air, from the atmofphere, with which 
when it is faturated to a certain point, it can- 
not be kept in folution but by an excefs of 
acid. Hence it continues to be precipitated, 
till what remains is capable of being held in 
folution by the acid which is found in due 
proportion. To avoid this kind of decom- 
pofition, the fulphat of iron ftiould not be 

didblved 
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cKflblved till the moment it is wanted, and it 
fhould be diffolved with the leaft poffible he it. 
I have remarked, that a folution made with a 
low degree of heat, kept much longer expofed 
to the air without growing turbid, or depo- 
fiting a fediment, than a folution made by- 
boiling, and afterwards filtered 

Sulphat of iron is of great ufe in dyeing, 
particularly for black, gray, and other hues, 
which are darkened by its means. I have 
(hewn, in the firft fe&ion, how it a&s by 
combining with the aftringent principle and 
the colouring particles. 

Solutions of iron in the acetous and fome 
other vegetable acids, are alfo ufed in dyeing : 
but thefe preparations are made in the places 
where they are ufed, and their defcription will 
be found with that of the procefles, of which 
they make a part. 

AH the folutions of iron differ greatly in 
the ftate in which the metal exifts in them, 
and in the property of attra&ing more or lefs 
oxygen from the air. 

The folution in nitric acid, according to 
the obfervation of Mr. Hauffman 4 , fhews no 
marks of abforbing vital air, even when agi- 

* Joorm de Phjrfique, 1787. 

tated 
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tated in co'nfaft with it $ but it retains a great 
dxcefs of acidL - ■< * 

The folution in- acetous acid ik: at firft of a 
pale green ; by abforbiiig vkil air it grow* 
more and more yellowifh > and at length ac- 
quires a very deep reddifli yellow colour. Ht 
takes, a great proportion of iron, and abforbk 
oxygen without forming a fediment. 
/ The folution in. fulphuric acid attra&s oxy- 
gen more flowly than the preceding one, form* 
a depofu of oxyd proportionate to the quantity 
bf that principle, and thence acquires a gra* 
dually increafing excefs of acid. . ' 
' The muriatic acid diffolves oxyd of iron in 
whatever ftate it finds it : but if it contain 
much oxygen, a part of the acid is difeftgaged 
Irt the form of oxygenated muriatic acid* as 
!if r. Fourcroy has pbferved. 

Thefe properties of the Solutions of iron* 
trtay ferve to explain the differences they ex- 
hibit, when employed in the arts. 



< . 
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Of/A* Sufpfat of Capper y or Blfa-Jfitfi& 

fT^'H E fulphat of cpftper* <vtiriolg Cyprus 
viiriol, blue copp€t^\% a fait. fcoiflpofai 
of oxyd of copper ainl. fu\phuxic or yitrioUd 
acid. This fait readily forms blue cryjials $f 
a Thomboidai forai. JThe q^irftal contains 
thirty pound? of aci<J*.:forty-three of wafer; 
and twerity-feven of. copper. . At (the terr^ta- 
ture of twelve degrees pf:R,^^uipi}r (59 Fajrh.) 
it requires nearly four p^rfrSvOf Vt&c+; to-dif- 
foiveit. ~ r" ■ 

Sulphat of copper is: of no. gfe$t ufe in 
the art& whence littl^ ajtejitio^ has bm* jpaid 
to the different proceffed by which it npay feq 
prepared. • j ^ «.,.. 

In making .the fulphat of copper for com- 
merce, two methods are employed. Th? fiHI 
eonfifts in calcining copper pyrites, orijiecmiat 
which refults from the fufion. of copper- ore^ 
and which is a compauovJ : of copper and 
fiilphur, and leaving the pr0du& of the *al* 
cinatign.. to efilorefce. By this means the 
copper- is.oxydated/ and the fulphur converte4 

into 
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into fulphuric acid. The fait formed is then 
extrafled and cryftallized. The fecond me- 
thod is to calcine an artificial mixture of 
fulphur arid copper, to leave it in like manner 
to effiorefce, to lixiviate the fait, fcnd cryftallize 
it. 

There are fome waters that contain copper 
combined with the fulphuric acid, which might 
be employed when we want to ufe fulphai of 
copper. 

Lime and the alkalis produce, with the 
fulphat of copper, a greenifh blue precipitate, 
which foon becomes green in the air. Am- 
moniac produces a beautiful blue precipitate, 
which it quickly rediflblves, and which alfo 
becomes green in the air. Thefe differences 
of colour depend on the proportions of oxygen 
combined with the copper : if it be in fmall 
quantity, the oj^d is blue ; if in a larger, it 
is green : whence the blue oxyd becomes 
green in the #r, by combining with the oxygen 
which it attrafts from the atrfiofphere. 

Oxyd of copper eafily combines with moft 
kinds of colouring particles, by which it is 
precipitated from acids. It frequently imparts 
to them a pleafihg colour : but as its own 
colour, which influences that of the combi- 
nation* is eafily changed by the air, the co- 
lours 
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lours refulting from its mixture are variable, 
and of little duration, fo that there are few 
occafions on which it can be employed with 
advantage. 

It has been remarked, that the fulphat of 
copper attacks cloths more than that of iron *. 
This effed is partly owing to its pofleffing a 
much greater quantity of aftive acid than the 
latter: for, according to Mr. Kirwan's cal- 
culation, one hundred parts of fulphat of iron 
contain twenty parts of fulphuric acid, and a 
hundred parts of fulphat of copper contain 
thirty. This acid is fet free when the oxyd 
combines with the colouring particles, and 
exerts its action on the cloth, or rather on 
die combination of the cloth with the colouring 
particles. But what more efpecially augments 
on one hand the quantity of acid fet free, and 
consequently its action on the cloth, and on 
the other, the influence of the oxyd of Cop- 
per on the qualities of the colour, is, that this 
oxyd enters in a large proportion into the 
combination which it forms with tbe colouring 
particles. I have precipitated an equal quan- 
tity of deco&ion of fuftic (bois jaune) with 
fulphat of copper, and with fulphat of iron, 

' • Idtro&on far t'axt de ia Tefoture : by Mr. Poerser. 

and 
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and found' .the precipitate produced by .the 
former, much more confiderable than that 
produced by the latter : ponfequently there 
was more fulphat of copper decompofed by 
the fame quantity of colouring matter, than 
fulphat of iron. The quantity of acid fet 
free is more confiderable therefore, on two 
accounts. 

» ■ - . . . 

A proof,, that. the a&iph pn the cloth is not 

gyring principally to .the oxyd. of .copper, is^ 

that the fame obje&ion is not made tp verde- 

gris as ( to blue vitriol. 
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Of Sulphat of Zinc, or White Vitriol ' 

r T^ H E fulphat of zinc, vitriol of zinc, white 
vitriol, white copperas, is compofed of 
fulphuric acid and oxyd, or calx of. zinc! 
A little more than twice its weight of water is 
required to diflblve it at a temperature of 
twelve degrees of Reaumur (59 Farh.) and 
by evaporation we obtain cryftals in the 

form 
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form of a tetrahedral pfifm, terminated by a 
quadrilateral pyramid. According to Mr. 
Kirwan; a hundred parts of fiilphat of zinc 
Contain twenty-two of acid, twetity of zinc*, 
tod fifty-eight of water. 

The greater part of the fulphat of zinc met 
With in commerce, is prepared at Goflar, where?, 
after having roafted and diftilled the! ore which 
Contains the zinc, the refiduum is thrown 
fed-hot into water, lixiviated, and the liquor 
evaporated, by which means this metallic fait 
is obtained. 

The fulphat of zinc of the ftiops dlw&ys 
contains iron, and when a folution of it is left 
expofed to the air, or made to boil, it groWs 
turbid, and a portion of the iron precipitates ; 
but the greater part always remains, and cahndt 
be entirely precipitated but by boiling the 
folution with filings of zinc : even by this 
procefs it is difficult to feparate the whole of 
the iron. 

Hitherto little ufe has been made of this 
metallic fait in dyeing. When it has been 
employed, it has been found to render the 
colours deeper; which efFe£l is owing, in a great 
meafure, to the iron which it always contains. 
I have mode fulphat of zinc by difTolving zinc 
in fulphuric acid : fome of this folution I have 

Vol. I. X poured 
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poured into infufions of fumach, galls, madder, 
,and cochineal, and compared the effe;&$ }t 
produced with thofe of ? folution of common 
fulphat of zinc, which ha4 been long made, 
and had depofited all the iron that expofure to 
Ae air would throw down. The latter ren- 
dered the colours much deeper th?ui the former. 
The depofit produced by t^e pure fulphat with 
the infufion of fumach was a violet lilac ; with 
the infufion of galls, a little deeper ; with that 
of madder, bright purple ; with that of cochi- 
neal, firft red, afterwards a beautiful purple. 
In general the precipitates produced by the 
fulphat of zinc grow a little darker with time ; 
vbich indicates, that the oxyd of zinc pro- 
duces a flight combuftion of the colouring mat- 
ter : it appears, moreover, to combine with it 
but in fmall proportion. Hence we fee the 
reafon why it renders colours darker than the 
oxyd of tin, though they are equally white. 
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CHAP. VI. 

Of Verdegris, and Acetite of Copper; 

FORMERLY verdegris was prepared 
only at Montpellier, and in its neighbour- 
hood. The procefs followed there confided in 
fermenting the ftalks of grapes with wine-lees, 
ftratifying plates of copper with thefe ftalks, 
taking them out after fome time, fetting them 
up edgewife in a corner of the cellar, where 
they were again fprinkled with wine-lees, and 
fcraping off the verdegris which fwells up 
from the laft operation. The fame procefs 
was repeated on the plates of copper, after 
having removed the verdegris. 

At Grenoble they ufe vinegar ready made, 
with which they fprinkle the plates of copper. 
The verdegris prepared in thefe two ways 
differs in fome of its properties. 

The copper is reduced to an oxyd from the 
fame caufes as lead is in the making of white 
lead, that is, from the concurrent ?tftion of 
the atmofpheric air, and the acetous acid, which 
is employed, or which forms in the grape-ftalks: 
but as veffels of copper are much ufed, it may 
not be improper to confider the manner ifi 
X 2 which 
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which acids aft on that metal fomewhat at 
length. 

For copper to di Solve in acids, it is necef- 
fary, as with other metals, that it be combined 
with oxygen, or reduced to a calx or oxyd. 
It is requifite, therefore, that it attraft oxygen 
from the atmofphere, or that the acids furnifh 
it, or indeed that it decompofe the water. The 
laft cafe requires circumftances which do not 
occur in the procefles of dyeing. 

Vegetable acids cannot impart oxygen to 
copper : but the aftion they exert on it favours 
its combination with oxygen fo much, that it 
readily attrafts the atmofpheric air, by which 
it is reduced to an oxyd, and becomes folubie 
in the acid liquor. But that the copper may 
be capable of attrafting the oxygen of the at- 
mofphere, it is neceflary, that the liquor be 
cold : hence vegetable acids whilft hot do not 
attack copper, and the fame thing holds with 
refpeft to oils, and other fubftances which aft 
on that metal, unlefs a portion of copper be 
previoufly oxydated, in which cafe it readily 
diflblves, whatever be the temperature of the 
liquor. From this we fee the neceffity of never 
fuffering liquids capable of attacking copper 
to grow cold in veffels of that metal, and of 
taking care to keep thejn always extremely 

clean. 
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dean, that no oxyd may be found formed on 
their furface. 

The nitric acid, and nitro-muriatic acid, or 
aqua regia, have the property, though diluted 
with water, of imparting oxygen to copper, 
and of diflblving it, efpecially when the liquor 
is in a ftate of ebullition. Thus it is impof- 
fible to prevent a portion of the metal from 
being diflblved in baths into which is put folu- 
tion of tin, for inftance, unlefs the copper be 
carefully tinned. One circumftance, however, 
tends to diminifh this effeft, the aftion of the 
nitric acid being exerted on the vegetable fub- 
ftances, and ftill more on the animal fubftances, 
that are in the bath with it. 

The copper in verdegris, then, is reduced 
to an oxyd, and combined with a portion of 
acetous acid more or lefs confiderable. When 
the oxyd of copper is completely faturated with 
this acid it is wholly foluble in water, and by 
evaporation forms blue rhomboidal cryftals, 
which, fixing on little flicks, produce thofe 
groups known bv the name of cryftallized ver- 
cryftals of Venus (diftilled verdegris)* 
The difference between this fait and verde- 
gris is, that in the former, the oxyd of cop- 
per is completely faturated with acetous acid, 
or it is the acetite of copper ; arid that in the 
X 3 verde- 
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verdegris there is only a portion of the oxyd 
of copper in the ftate of acetite. This falittfe 
portion may be feparated by folution in Mter, 
the oxyd of copper, which is infoluble in wsL 
ter, remaining undilfolved : but this fniy eafily 
be diflblved in acetous acid, and thus reddfced 
to the fame f .line ftate \ Sometimes verde- 
gris contains very little dcetite ; at bther^ 
on the contrary, it contains Scarcely a fourth 
of its weight of Uncofiibined oxyd of copper. 
1T6 this is owing the difference tyhich diftitt- 
guifhes the verdegris of fcrenoble frcfni th&t 
oif Mdritpellier : the former containing tniich • 
niore acetite of copper; the latter, of oxyd 
of copper uncombined. 

Thefe observations may be ufeful to any 
one who fhould attempt to ftialke verdegris, 
or diftilled verdegris, for himfelf, which might 
bfe done ift different ways, atcordihg td cir- 
cumftances ; and foi* judging bf thfe qualities 
of verdegris, tthich w,ll be more* or lfefs fit 
iot any particular ufe, according to its ndture. 
"Then, if it be ne eflary, that the verdegris 
ftiould be diflblved, the greater part of \irhat 
was ufed woiild be wafted i£ t ccntiitlfed but 
little acetite : iri this caf , the uncombined 
Oxyd might be diflblved iri vinegar, and theti 

a Men de 1'adW. 1,82. 

* the 
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the whble rendered fit for the purpofe re- 
quired. In othef circumftances, it is the oxyd 
that is lifeful ; when we fhduld choofe verde- 
gris thdt contains little acetite, ot even dif- 
fdlve the acetite, and referve it for other occa- 
fions. 

Tft£ verdegris ufed in dyeing black a&s 
principally, and perhaps folely, by its iihcom- 
biried oxyd. This oxyd ferves to precipitate 
the iron corfibined with the aftringent prin- 
ciple, by combining with the fulphuric acid i 
tohich will explain the obfervations of Mr. 
Clegg, that I aitn going to relate \ 

Mr. Clegg, endeavouring to. diftover fbmd 
cheapfer ihgfedieht, that might be fubftittited 
ihfteaki of verdegris for dyeing bWck, ob-i 
ferved, that the copper of the verdegris pre- 
cipitated the ifoh of fulphat of iron, held ill 
folutioh with aftringent fubftances, in the ftate 
©f oxyd. But I have remarked, that the iron 
\fras, combined with the aftringent principle, 
when precipitated by the oxyd of copper, and 
fcven that the oxyd of iron cannot bfe precipe 
tated by the oxyd of copper but on account 
6f the double affinity which refults from the 

b Tranfa&ions of the fociety, inftituted at London, for 
the encouragement of arts, manufactures, and commerce, 
tol. i. pag. 18 j. 

X 4 aftion 
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aftion of the aftringent principle. Confider* 
ing the verdegris as a precipitant of iron, 
Mr. Clegg fought to fubftitute for it other fub-r 
(lances calculated to precipitate iron from its 
folvents. He firft tried alkalis, which appeared 
to fucceed in a fmall way, but would not an* 
fwer on a large fcale : in fa&, alkalis do not 
precipitate the combination of iron and the 
aftringent principle, but form with it a fupra- 
compound, and give it a reddifh tinge. Hs 
afterwards afcertained, . by repeated experi- 
ments, that the purpofe of verdegris might 
be fully anfwered by a mixture of fulphat of 
copper and pot-afh. The fulphat of ; copper 
he direfts to be. diffolved, and a folution of 
ppt-afh %o be added till the blue colour dik 
appears, that is to fay, till the whole of the 
copper is precipitated. Nearly equal weights 
of fulphat of copper and of the alkali, are 
requifite for this purpofe : and Mr. Clegg af* 
fures us, that thefe will fupply the p ace of 
ft. quantity of verdegris equal to the weight 
of both, particularly in dyeing hats; in which 
much verdegris is emplo)ed. 

The advantages of this procefs depend on 
the comparative prices of fulphat of copper, 
of pot-afh, and of verdegris. Inftead of the 
2 fulphatj 
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fulphat, we may ufe the folurion of copper in 
nitric acid made in the operation of parting. 



CHAP. VII. 

Of the Acetite of Lead, or Salt of Saturn. 
H E acetite of lead, or fait of faturn, is 



a combination of lead, reduced to an 
oxyd or calx, with acetous acid or vinegar. 
It is generally cryftallized in fine confufed 
needles; if, however, it be cryftallized by a 
flow evaporation, white cryftals in flat paralle- 
lipipedons, terminated by two furfaces inclin- 
ing in oppofite direftions, will be obtained. 

This fait has, with a flight aftringency, a fac- 
charine tafte, from which it has acquired the 
improper appellation of fugar of lead. It is 
in fome degree decompofed by water, and 
forms with it a milky liquor, that depofits a 
white powder, par ly owing to the oxyd of 
lead which has forfaken the acid : but this 
depofition may be prevented by the addition 
of a certain quantity of acetous acid; a % pro- 
ofs that may be ufeful when this fait is em- 
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ployed in dyeing, fcefide this depdfit, wtrictt 
takes place even iti diftillfcd ttater, anotHitf 
occurs in waters containing fulphat, which is 
owing to a combination of the oxyd of lead 
with the fulphuric acid, and is proportional 
to the quantity of that acid. The fait refus- 
ing from the muriatic acid is fufficiently foluble 
not always to form a depofit. 

The acetous arid does hot attack leid in 
its metallic ftate, unlefs in contaft with the air: 
but if the ait touch its fiirfacfe, the lead gradu- 
ally becofhfes dxydated, by means of th£ oxy- 
gcfi it attta&s, and is thiiS tendered foluble? 
in this acid. As this tfianner of preparing ace- 
tite of lead, however, would be difacv&htage- 
ouS; both becaufe it vtoiild require much time; 
and becaufe a great J>art off the acetdus acid 
would evaporate, refcdurfe is had to dthfcr j?fo- 
ceffefr. / 

White lead is ari oxyd of Ifead which appear? 
to be cohibinfed with a ftiiall pdrtidfi of acetous 
acid. Td forth it; lead in (heets is fiilpehded 
ovfer Vinegar, in earthferi veffelsi which ate 
tfiiried in dung, that the heat may keep upl 
the evaporation df the vinegar, which, in ex- 
haling; reduces the lead to ari oiyd by the 
afliftaficfe of the air. This oxyd, which is 
pondered with great care; forms white lead : 

but 



/ 
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biit a part of it, falling into the vinegar, dif- 
lolvfes in it, and forms acetite of lead, which 
requires only to be evaporated, and purified by 
a fecorid crystallization'. 

Acetite of lead is prepared tot the moll part 
with diftilled vinegar, obtained from beer or 
wirie, and white lead, which, as has been faid, 
is an oxyd of lead reduced to a very fubtile 
powder, and cohfequently in the moft favour- 
able ftaie for folutioh. foefcriptiohs of the 
prbcetfes by which it is prepared in the large 
way may be feen in the Art du Diftillateur of 
Mr. de Macfti, arid more particularly in the 
Ditfionnaire de Chy'mie of Mr. de MbrVeaii, 
under the article Acttite de Plomb. 

If a perfbn find himfelf in want bf acetite 
of lead, he may ealily make it, by difTolving 
an oxyd of lead in diftilled vinegar, and evapo- 
rating the folutioh to the proper point for 
cryftallizatioh. Various oxyds of lead may 
be employed for this purpofe. White iead dif- 
folves more eafily than any other, except ce- 
rufe : but this fhould be rejefted, becaufe it 
is a mixture of white lead and chalk. Litharge, 
or the femi-vitrified oxyd of lead, may be ' 
taken inftead of white lead; but minium dif- 
fblves with more difficulty. 



In 
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In many cafes, it would be fufficient, to dif- 
folve the oxyd of lead in white wine vinegar, the 
extra&ive part of which, that conftitutes its 
principal difference from diftilled vinegar, 
would not injure colours. Neither would the 
excefs of acid which this folution might retain 
be detrimental, and it might prevent the for- 
mation of the precipitate that takes place when 
acetite of lead is diffolved in water. As the 
acetite of lead is of fome* price, this procefs 
might be employed with advantage where much 
is ufed. 

The acetite of lead forms, in general, a copi- 
ous precipitate with folutions of the colouring 
particles. 

It deepens colours, and renders them more 
permanent, but lefs bright. The greateft ufe 
made of it is for the compofition of the prin- 
cipal mordant employed for printed linens, in 
which it ferves, as has been faid, to form a 
combination of the bafe of alum with acetous 
acid. 
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G H P. VIII. 

Of Fixed Alkalis. 

T N chemiftry two alkalis are diftinguifhed : 
fixed alkali, and volatile alkali, or ammo- 
niac. The former refifts the aftion of fire; 
the latter evaporates at every degree of tem- 
perature to which our atmofphere is liable. 
Each has a powerful aftion on the colouring 
particles : but as the volatile alkali is not ufed 
in dyeing, or, at leaft, not in an un com- 
pounded ftate, fixed alkali only will be con- 
fidered here. • 

Fixed alkali is divided into two kinds : vege- 
table fixed alkali, or pot-alh, and mineral alkali, 
or foda. 



ARTICLE I. 
Of Vegetable fixed Alkali, ox Pot-AJh. 

THIS alkali is extracted from the afties 
of various vegetable fubftances, whence it has~ 
obtained the name of vegetable alkali : and as 
it is more or lefs pure, more or lefs cauftic, 
according, to the fubftance from which it is 

procured, 
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procured, and the circumftances attending it* 
preparation, many varieties are made of it in 
commerce, to which have been given different 
names, indifpenfably neceffary to be diftin- 
guifhed. Firft, however, we mud copfider 
alkali, independently of the mixtures by which 
its properties are modified. 

Vegetable alkali may be pure, and free from 
all combination, or it may be combined with 
carbonic acid. In the former ftate it is pot-afh % 
the pure pot-ajh of chemifts, caujlic vegetable 
fixed alkali : in the latter, it is carbonat of pot* 
djb, effervefcent vegetable fixed alkali. 

Pure or cauftic pot-afti has a very acrid 
lixivial tafte. It attrafts the humidity of the 
air fo powerfully, that it cannot be made to 
cryftaliize but by peculiar proceffes. In this 
ftate it combines with oils to form foap. But 
the purity of alkali is never abfolute ; it always 
retains earths in folution; uniefs alkohol or 
fpirit of wine, be employed to purify it \ Hence 
when we faturate it with an acid, a fediment 
is formed, which fometimes affumes the appear- 
ance of a jelly : this fediment is produced by 
the earth, which feparates. 

The carbonat of pot-afh is the fait juft men- 
tioned faturated with carbonic acid. In this 

• Mem. de Tacad. 1782. 

ftate 
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ftate it no \onger holds earth in fplutipn, and 
it produces an efferyefcence with ^cids, owipg 
to the carbonic aci^d, which efcapes, and affumes 
tl^e form of gas. This fait has a favpijr anaio r 
gous to that of pure alkali, but much w£aker ? 
and without caujfticity. It oi^gjht to be con- 
fidered as a true neutral fait, and is reducible 
into cryfi^ls, like moft other falts of this fpe- 
cies. Lime mixed with it feizes its carbp/^c 
acid, and precipitates, thus rendering it cauftk. 
It likewife parts with its carbonic acid whea 
urged by a ftrong heat. 

The alkali obtained from afhes, or fpyad in 
commerce under different denominations, is a 
compound of pure alkali and carbonat of pot- 
fifh. The proportion of thefe varies, not only 
in falts fold under different names, but even 
in thofe which are prepared in the fa,me yay. 
A difference in the degree of heat employed 
is Sufficient to produce a difference in cai^fti- 
city ; and they are befides .mixed with greater 
5>r lefs quantities of earf,h, and heterogeneous 
4ajts. 

The moft fimple method of fepjtrating a\kqAi 
£zom earths, and heterogeneous falts, i$ to 
le^ue it expofed to the air in a mpift place : 
the alkali attra&s the humidity of the air ; and 
the earth, with the greateft part of the heterp- 
z geneous 
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geneous falts, forms a fediment, from which h 
to be poured off the liquor, improperly called 
oil of tartar by deliquefcence. The part com- 
bined with carbonic acid, which, if alone, would 
have formed cryftals, diflblves by means of thfe 
cauftic part : but it is to be obferved, that, if 
the folution be long left expofed to the aif, 
it gradually attrafts the carbonic acid which 
always exifts in the atmofphere, and at length 
cryftallizes, as Bohn and Montet long ago re- 
marked. If a more fpeedy method of purify- 
ing the alkali be required, nothing more is 
neceflary than to mix it well with an equal 
weight of cold water, and filter the 'liquof, 
or let it fettle, and decant it when clear. Aft 
- equal quantity of water 4 may be poured on the 
refiduum ; but the alkali thence obtained will 
be much lefs fine than the former. 

Salt of tartar is an alkali obtained from the 
combuftion of tartar, wrapped up in cones, of 
paper. The refiduum of this combuftion is 
dilfolved in water, the folution is concentrated 
on the fire, the heterogeneous falts are feparated 
as they precipitate, and by deficcation is ob^ 
tained the fait of tartar, the pureft alkali to be 
met with in commerce, but at the fame time the 
deareft. The alkali of fait of tartar has little 
caufticity. 

Cendres 



. • Ctndres grvueUes abound in alkali, but are 
lefs pure than fait of tartar. They are produced 
from the combuftion of wine-lees and the aflies 
of vine-twigs. 

The pot-afli of commerce is the f efult of the 
combuftion of wood, burnt for that purpofe in 
fome of the northern countries where forefts 
abound, chiefly in Ruffia and Sweden. Ac- 
cording to Linnaeus, birch or alder is burnt 
with a flow fire ; the allies are made into a kind 
of pafte with water ; billets of fir or pine are 
laid in a row, and covered with this pafte ; on 
this row another, covered in like manner with 
the pafte, is laid tranfverfely ; and this is re- 
peated, till the pile rifes to a confiderable 
height : this pile is then fet on fire, and when 
the aflies begin to run, it is overturned, and 
the melted aflies are beaten with flexible rods. 
By this operation they are mixed with the logs, 
and become as hard as ftone. 

It appears from this account, that pot-afh 
muft contain much earth ; but it feems too, that 
lime is fometimes mixed with it. Dr. Home 
found it principally in a kind of pot-alh, called 
tafbuh afbeSy which are much ufed by the 
bleachers in Flanders and Artois b . 



* Eflay on Bleaching. 
Vol. I. Y 
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An excellent judge, Mr. Chaptal, thinks 
that a faving might be made by the eftabliih- 
ment of a manufacture of pot-afti in fome of 
the forefts in France. He fays, he has found 
from nice calculations, that a pot-afh which he 
caufed to be manufa&ured in fome of the forefts 
of Languedoc, came not to more than half the 
price given for that which is brought us from 
the North e . He obferved, that the aflies of 
hard woods generally contained the molt ; and 
aflies of box afforded him twelve or fourteen 
pounds in the hundred. According to Mr. 
Sage, a hundred pounds of oak give only half 
a pound of aflies*. 

The a&ion of aflies in ley is owing to the 
alkali they contain ; hence float- wood, having 
been deprived by the water of the faline and 
extractive matter, from which the alkali ought 
to be difengaged by combuftion, affords inac- 
tive aflies. 

It is eafy to fee, that the pot-afli of com- 
merce, the vegetable alkali chiefly Ufed in the 
arts, muft differ confiderably, according to the 
mixtures naturally found in it, or added to it, 
and the circumftances attending its making. 
Now, to afcertain the real quantity of alkali 

c Elements of Chemifhy, vol. i. 
d Journal de Phyfi^ue, 1789. 

' contained 
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contained in it, would be of no fmatl advan- 
tage. By the tafte, we ftiould eafily be de- 
ceived ; for that pot-afh which contained alkali 
in a more cauftic ftate, would appear far more 
acrid than that in which the alkali was com- 
bined with a greater quantity of carbonic acid. 
Trials on leys, or on colouring matter, might 
prove fallacious, for the fame reafon. A cer- 
tain method of eftimating it would be, to dif- 
folve a given weight in water, to filter the 
liquor, and to compare the quantity of acid it 
would require to faturate it, and render it in- 
capable of turning green the fyrup of violets, 
infufion of radifhes, or any other vegetable co- 
lour calculated for fuch a teft, with the quan- 
tity neceffary to produce the fame effeft on a 
known weight of pure alkali. 

Pot-afh is of very extenfive ufe in dyeing : 
in general it facilitates the folution of the co- 
louring matter, and deepens its colour. 

Some direft the ufe of fait of tartar, or # 
cendres gravelees, in certain proceffes : but pot- 
afh may be fubftituted inftead of them in all 
cafes, if care be taken to purify it as I have 
direfted; unlefs, indeed, an alkali containing 
much carbonic acid be required ; and even this 
quality may be given to the folution of pot-afli, 
by leaving it fbme time expofed to the air. As 
Y z. thefe 
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thefc alkalis differ greatly in price, this merits 
fome attention. 

As fixed alkali has a powerful a&ion on fub- 
ft^nces of an animal nature, and diffolves them 
when it is in a cauftic ftate, great attention 
fhould be paid to the proportions of this fait 
employed in proceffes to which thefe fubftances 
are fubje&ed, and to the degree of caufticity 
it poffeffes. 

ARTICLE II. 

Of Mineral Alkali, or Soda. 

THE epithet mineral has been affixed to 
this alkali becaufe it is frequently found in the 
bowels of the. earth, on its furface, or in fub- 
terraneous cavities. Thus in Egypt, where it 
is called natron, it is obtained from two, lakes, 
which grow dry in fummer. It is alfo found 
in feveral parts of Barbary, in Syria, Perfia, the 
Eaft-Indies, and China, and even in our. cli- 
mates. The greater part of what is ufed, how- 
ever, is. obtained from the combuftion of plants 
growing on the fea-fide, particularly from the 
kali, or foda ; whence the generic name of foda 
has been given it by moft modern chemifts. 

The 
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The natron contains fea-fah and fu)pfr& of fed** 
or Glauber's fait, in different proportions. 

Mineral alkali exhibits the general ehara&ers 
defcribed in fpeaking 6f pot-afh : but it differs 
from it principally* firft, in affording different 
ileutral falts with the acids ; fecondly, in being 
always faturated with/ carbonic acid in its na- 
tural ftate, and affording eryftals, which, fat 
from attrafting the humidity of the air, yield 
to it theil- water of cryftallizatibn* and thus efr 
florefce, affuming the appearance of flour. ThA 
foda of commerce contains a greater or lefs 
quantity of earth* fea-falt, fulphat of fod*, tft 
Glauber's fait, coal, and fulphuret of alkali 6t 
liver of fulphur. That which is of a good 
quality, does not yield above five or fix ounces 
6f fait of foda (per pfciind) which may be fe- 
parated by folutioh and cryftallization. The 
beft is that obtained from barilla', ott the coaft 
of Spain, and known by the name of alicant 
foda. Mr. Chaptal is convinced, that this plant 
might be cultivated with the greateft fuccefs on 
the coafts of the Mediterranean. 

A plant, known by the name of falicor % which! 
affords foda of a good quality, is cultivated on 

« See a defcription of this plant, by Jufficu, in the memoir* 
of the French Academy for 1727. 



the 



*88 fctEMtNTS OF THE 

the border* of ponds in Languedoc and Pro- 
vence. 

A kind of foda, known by the name of kelp, 
ccndrc de varecb % is prepared on feveral of our 
coafts. It contains but little /alt of foda, and 
its faline parts is fometimes wholly fea-falt. 
In general, plants that grow without culture, 
produce foda of an inferior quality. 

The method above dire&ed for trying the 
quality of pot-afh, is equally applicable for de* 
termining that of foda. - * 

To free the mineral alkali from heteroge- 
neous falts, it fibould be diffolved in water, and 
the different falts feparated as they precipitate 
or cryftallize : the cryftals of fait of foda are 
the laft that form. 

When fait of foda is ufed, it is effential to 
attend to its ftate ; for when it is in cryftals, it 
contains rpore than half its weight of water of 
cryftallization, fo that when it has fallen into 
effiorefcence, one part will produce as great 
effeft as two of the cryftals. 

Salt of foda is a carbonat of foda, a com- 
bination of carbonic acid with pure foda. Lime 
afts on this fait in the fame manner as on the 
carbonat of pot-afti ; that is, it takes from it 
its carbonic acid, and renders it cauftic : in this 

ftate 
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Hate it is pure foda, or fimply the foda of che- 
mifts, the foap-boilers ley. 

In fome places, the appellation of aquafortis^ 
or foap-boilers aquafortis^ is given to a folution 
of cauitic or pure foda f . Such a denomination 
may eafily occafion miftakes, and make this al- 
kaline folution "be confounded with nitric acid^ 
or common aqua-fortis. Hellot informs us, 
that he was thus deceived witfi refpeft to the 
manner of preparing an indigo-vat, for which 
direftions had been given him. 1 . y 

Lately, feveral procelfes have been difco- 
vered for extrafting the foda from fea-falt or 
muriat of foda, of which it is the bafe. Of 
many the fecret has not been difclofed. If 
thefe proceffes be not too expenfive for ex* 
trafting the foda with profit, they ought to be 
confidered as very beneficial, as this fait is of 
extenfive ufe in feveral of the arts, and we are 4 
obliged to procure it from foreign countries. 

* Proc&s-verbal des Operations de Teinturq faite £ Yvetot, 
par Frar^ois Gonin. 
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CHAP. IX, 
Of Soap. 

SOAP is a combination of oil with alkali j 
but that this combination may take place, it 
M neceflary that the alkali fhould be pure, that 
it» free Uwx carbonic acid. Vegetable alkali, or 
pot-afh, and mineral alkali, or foda, are both 
capable, of forming foap: yet the latter is pre- 
ferred, becaufe the foap made with pot-afh has 
not an eqUal degree of folidity. « 

. To; make the foap of commerce, we begin 
with rendering the foda cauftie. For this pur* 
pofe* onie part of good alicant foda and two of 
cjuick time, rire boiled in a fufficient quantity 
of waters the liquor is filtered, and evaporated 
to fuch a degree, that a phial which would eon* 
tain only eight ounces of pure water, will hold 
eleven ounces of this liquor, called foap-ioilers 
ley. One part of this ley, and two of oil, 
boiled together, till, on taking up fome of the 
mixture with a fpatula, it does not adhere^ and 
fpeedily coagulates, form foap. 

In almoft all manufa&ories the ley is pre- 
pared cold, by filtering water through a mix- 
ture 
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cure of equal bulks of powdered alicant foda 
and quick lime. This lye is then mixed with 
oil in the boilers, and thtir combination is 
promoted by the aftion of heat. The ley that 
palled laft through the filter, and which is the 
weakeft, is put into the boiler firft, and ftronger 
ley is added gradually, till the end of the 
operation. 

To make mottled foap, foda in its native 
ftate, fulphat of copper* or blue vitriol, cin- 
nabar, &c. are employed, according to the 
colour fought. 

A foft foap alfo is prepared • by boiling a 
ley made of foda, pot-aft, or even common 
wood aihes, with the cake left after preffing out 
the oil of olives, fiuts, or rape, with fats, with 
fifh oils, &c 9 which make black or greert foap. 
Mr. de Bullion has propofed to make foaps with 
animal fats * 2 I have been affured, that a learned 
chemift has a manufafture of this kind of foap 
in England, In America, foap is made with 
green wax. 

All the acids, even the carbonic acid, de-r 
compofe foap, and feparate the oil by combining 
with the alkali. Salts, with earthy or metallic 
bafes, have the fame property ; but they effeft 

a Chaptal's Elements of Chemiftry, vol, ii, 
t Journ. de Phyfique* 

it 
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it by a double decompofition : whilft the acid: 
unites with the alkali, the oil combines with 
the earth or metallic oxyd, from which refult 
the earthy and metallic (baps I have elfewhere 
defcribed% that probably might be of fome 
utility in the arts*. 

The principal ufc *of foap in dyeirig, is for 
whitening the filk. For this purpofe, a white, hard 
foap, prepared with olive oil,' fhould be chofen; 
whence it is, that the beft foap is made only in 
places where this oil abounds, as Portugal, 
Spain, or Marfeilles. 

The ancients ufed a plant, called by Pliny, 
radicuU d , fuppofed to be our foap-wort, for 
the purpofe of cleanfing woollens : for bleach- 
ing linen, they employed a plant, that appears 
to be a fort of fpurge. * 



C H A P. . X, : 
Of Sulphur* 

SULPHUR is found combined in different 
minerals ; but what is made ufe of, is* 
chiefly extrafted from volcanic earths, parti- 
cularly from the Solfatara near Mount Vefuvius, 

c Memoires de l'Academie, 1780, 
d Plin. lib. xix. cap. ui. 

where 
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-where it is purified, and caft into moulds, that 
give it the form under which it is called roll 
brimftone. 

When fulphur is burnt (lowly, it is reduced 
into a volatile acid, of a very penetrating finell, 
and called fulphureous jacid. If this acid be 
left in conta& with a fufficient quantity of 
atmofpheric air in a clofe veffel, all the pure 
part of the air, that is, its oxygen, is gradually 
abforbed, and the fulphureous acid is changed 
into fulphuric acid ; fo that the difference 
between the two acids depends on the propor- 
tion of oxygen, and the ftate in which the 
oxygen exifts in them. 

In the fulphuric acid the oxygen has loft 
the caloric to which it owed its expanfive ftate : 
in the fulphureous acid it has retained fuch a 
quantity, that the combination it has juft 
formed, is volatile, and lofes its elaftic ftate 
with difficulty. Thus in the former, the oxygen 
is much more concentrated, and much better 
combined : in the latter, its affinity is divided 
between the caloric which it has retained and * 
the fulphur. For this beautiful theory of the 
nature and formation of acids, we are indebted 
to Mr. Lavoifier. 

Sulphuric acid a&s on colouring matters 
like other acids : but the fulphureous acid, 

particularly 
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particularly when ih an aeriform ftate, deftroys 
feveral colours. • 

It is a property of fulphureous gas to dit 
charge the colour of the colouring matter with 
which it combines : but the colour ih general 
is reftored on faturating it with an alkali. The 
colour thus reftored, however, vahifhes irt 
time, becaufe a combuftion takes place fimilar 
to that produced by nitric acid, or oxygenated 
muriatic acid, which is owing to the weak 
adhefion of the oxygen in the fulphureous 
acid. 

Sulpburation % or expofure to the vapour of 
fulphur, is employed to give woollens or filk 
defigned for white fluffs, the greateft poflible 
degree of whitenefs. 

For this purpofe, a feparate chamber, with- 
out a chimney, and through which a current 
of air may be direfted when fteeefTary, is 
chofen. 

To a hundred pounds of filk extended on 
poles at the height of feven of eight feet, about 
a pound and half, or two pounds of fulphur 
are taken. This fulphur being grofsly pow* 
dered, is put into an earthen vefTel or iron 
pot in the bottom of which is a fmall quantity 
of afhes, and fet fire to in feveral places. The 
chamber is then {hut clofe, to prevent the 

fumes 
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fumes from efcaping. The next day the win* 
dows are opened, to \tt dut the fumes and 
dry the filk : but in winter, as foon as the 
fulphureous fmell -is gone, the windows are 
again fhut, and to dry the filk, chafing difhes 
with live coals are placed in the room. 

This operation not only gives the filk a 
great whitenefs, but at the fame time a kind of 
tremulous elafticity, or ruftling, perceptible, on 
preffing it between the fingers. 

As this ruftling of filk is attended with a 
certain ftiffhefs, that which is intended for 
making watered filks fliould not be fulphurated, 
becaufe it would offer too great refiftance to 
the impreffions of the calender, under which 
fluffs are paffed to water them. 

Neither can fulphuration be employed for 
filks defigned for felt (honneterie) as it would 
corrode the iron and fteel of th$ tools ufed in 
manufacturing it, and produce ruft. 

Silk which has been fulphurated takes mod 
colours badly, and if it be neceflary to dye it, 
it muft firft be deprived of its fulphur, by 
repeated foaking and fhaking over in hot water 
(vide page 135). 

When filk is fulphurated, if it be not blue 
enough for the fhade defired, it muft be azureek 

a fecond 
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a fecond time in clear water without foap, and 
after that, again fulphurated. 

The properties of fulphurated filk are owing 
to the lulphureous acid combined with it, the 
exiftence of which is rendered fenfible by 
means of fulphuric acid, for this immediately 
difengages from it fulphureous vapours. The 
fulphuration of woollen cloths is performed in 
nearly the fame manner as that of filk : but 
it mull be remarked, that if the operation be 
not managed with caution, and if the com- 
buftion of the fulphur be carried on with too 
great rapidity, fulphuric acid will be formed, 
which, colle&ed in drops, will corrode the 
cloth ; an inconvenience not eafily to be a- 
voided. 



CHAP. XI. 

Of Arfenic. 

ARSENIC is a metallic oxyd found in 
commerce in white lumps, powdery at 
the furface, and internally cryftalline, tranf- 
parent, and as it were vitrified. Expofed to 
the air it foon becomes opake, and is gradually 

reduced 
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reduced to a kind of flour ? ; which may occa- 
lion the mod * fetal . accidents; if miftaken for 
other fubftances ; but is eafy to be diftinguifhed 
by throwing a little of it on burning . coals, 
when it immediately rifes in* a thick fmoke, 
and gives out a ftrong finell of garlic. If the 
proportion of oxygen be increafed by means 
of nitric acid, this oxyd affumes the characters 
of a peculiar acid, termed the arfenical : if, 
on the contrary, it be deprived of its oxygen, 
by being urged in the fire with oily fubftances, 
it fublimes, and take* the form of a femi- 
metal. 

Oxyd of arfenic diffolves in fifteen or twenty 
parts of boiling water, but it requires a much 
larger quantity of cold water. Formerly arfenic 
was much ufed in many dyes, and particularly 
for printed linens : but the inutility of this 
poifonous fubftance being now acknowledged, it 
is ufed in very few proceffes, and even in thefe 
it appears to be ufelefs. The following prepa- 
ration, however, may be excepted. : 

Fixed alkali has the property of combining 
with arfenic, as Macquer has (hewn \ To 
effeft this combination, oxyd of ?arfeiwp in 
powder muft be thrown into warm water con- 
taining a confiderable proportion of alkali, 

* Mem. dc 1' Acad. 1 746. 

till 
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till no more will diffolve. The liquor become 
of a dark brown colour* and acquires th< 
confidence of glue. This mixture* on cooling, 
becomes hard and brittle ; but it attracts the 
moifture of the air, and again becomes vifcous* 
Mr. Vogler has obferved, that it was a very 
proper mordant for linen and cotton to be 
dyed with madder *. For preparing it he em* 
ployed a folution of common poUalh : others 
ufe pot-afh in its pure or cauftic date c . 

Orpiment is a compound of oxyd of arfenic 
with fulphur, found native, and imitable by 
art. The more fulphur it contains, the more 
its colour inclines to red. It is alfo known 
by the names of yellow or red arfenic, realgar, 
fandarach, &c. According to a late analyfis 
of Mr. Weftruipb 4 , one hundred parts of 
orpiment contain twenty parts of fulphuij 
feventy-nine of oxyd of arfenic, and one of 
iron. This fubftance is employed in fome 
procefles of dyeing, particularly in certain 
indigo vats. 

* Ann. de Chynfr. torn. iv. p* 12 a. 

* SiefFert's Verfuchc mit einheimifcheh Farbeffiateriecu 

* Kkinc Phyf. chem. AbhandlUngen. 
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C H A P, : XIL; - 
Of Water, 

Hp H E qualities of different Ivators ar* 
cffential objefts ta the, dyer: but it is 
perhaps of lefs importance to poiftt out thd 
injurious effefts thdy are capable of producing, 
than to deftroy the prejodicds ta which they 
frequently give rife. 

It would be faperfitfou* ta fay, that water 
employed m dyeing ihould not be iwuddy, toot 
contain putrid fubftances ; aftd that waters fo 
loaded with heterogeneous principles as to ba 
termed mineral, whrth aire eafily diftinguifliable 
ly the taftc, ought not to be ufed. With thefe 
exceptions) water a&s on colouring matter, 
principally by tneana of the fa&s with earthy 
bafes it contains Thefe faks are nitrat of lime 
and of magnefia^ muriat of lime and of mag* 
nefia, falphac of lime, and earbonat of lime 
and of magnefia. 

* All thefe falts with earthy bafes oppofe the 
folution of the colouring particles, caufe va- 
rious kinds of them ta precipitate, in confe- 
quence of their combining with the earth, 
they contain, and render their colour deeper 
and frequently mora dulL 

Vol. I. Z The 
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The carbonats of lime and of magnefia have 
alfo the inconvenience of being precipitated 
by boiling* which drives off the excefs of car- 
bonic acid that held them in folution, fo that 
thefe earths adhere to the fluff to be dyed, 
make it dirty, and prevent the colouring matter 
from penetrating it. 

It is of confequence, therefore, to diftin- 
guifh the feveral kinds of water called hard, 
that they may be avoided in moft operations 
of dyeing. Chemifts are furnilhed with means 
not only of detecting the different principles 
contained in water, but even of afcertaining 
the quantity of each with precifion : but the 
procefTes neceffary for thefe analyfes frequently 
require profound {kill, and a readinefs of 
pra&ice, which thofe who are employed in 
dyeing cannot be prefumed to poffefs. Happily 
an eafy and common experiment is fufficient/ 
to fhew whether water contains fuch a quan- 
tity of thefe falts as may be injurious ; the 
folution of foap. 

All falts with earthy bafes decompofe foap 
by a double affinity : their earth combines with 
the oil of the foap, whilft their acid unites 
with its alkali; and this combination of oil 
and earth forms an earthy Joap, which, being 
inlbluble in water, produces the curdling ob- 
ferved on fuch occafions \ 

a Mem. de l'Acad. 1 780. 

If 
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If then, a water be clear, not ftagnant, void 
of fenfible flavour, and diffolve foap well, it 
may be deemed proper for dyeing; and all 
waters poffeffed of thefe qualities are equally 
proper. 

But as it is not always in our power to 
choofe our water, means of correfting bad 
waters, at lead thofe which are fo to a certain 
degree, have heen fought ; particularly for the 
purpofe of dyeing delicate colours. For this 
end, water in which bran has been made to 
grow four, generally known by the name of 
four water, or fours, is commonly employed. 

For preparing the four water, twenty-four 
bufhels of bran are put into a tub or vat that 
will contain about ten hogfheads : a large 
boiler is filled with water, which, when juft 
ready to boil, is poured into the vat : the acid 
fermentation foon commences, and in twenty- 
four hours the liquor is fit for ufe. 

I conceive, that the four water afts by de- 
compofing the carbonat of lime and magnefia, 
from which its acid, being more powerful, 
difengages the carbonic acid : thus the earthy 
fediment, which I have faid is occafioned by 
boiling, is prevented from taking place. 

Mucilaginous plants are boiled with water' 
to correct it alfo. The mucilage coagulates, 

and 
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and carrying with it the earths that feparafe 
by ebullition, as well as thofe which might 
happen to be fimpty mixed with die water 
and render it turbid, forms a fcum which is * 
taken off. 

Salts with earthy bates, which are in general 
prejudicial in dyeing, may be in fame cafes 
ufeful, and ferve to modify tints* Thus a 
water of this kind, would give a crimfow hoe 
to the colour of cochineal. 

As the water of a river may contain a 
greater or lefs quantity of §aks with earthy 
bafes* according as its bed is greater or lefs* 
it happens fometimes, that the fasne fhade is 
only obtained at Certain times, though exaftly 
the feme procefs is followed ; or ttsflt, to ob- 
tain the fame refuk, certain variations muft. 
be made in the procefs* according to the ftate 
of the river. 

Water which decampofes common ftapr an<£ 
farm* calcareous foasp> is improper for bleach- 
ing t not only om account of the h*T& of foap*. 
which is deeompofed in wafte, but more espe- 
cially becaufe the calcareous! fbap, wttith is 
infolubie m water, adheres: to^ the clothy gives 
it a greaiy §ee\ x and evenu grows: yellow? in time, 
and ihakes off in. little flakes 

End of the First* Volume. 



ERRATA. 



Page si j line 9, after referred, infert the. 

■ 142, ttyjbr Beaumc, read Baurae. 

~ 178, — 9 from bottom, for independant, read inde- 
pendent. 

— 240, 3, for Dambournay, read d'Ambourncy. 

.— - 295, 10 from bottom, for feit, read flocking web. • 
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